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A Critical Study of Car 


and Performance 


By Austin M. Wolf 


HE subject of this paper is so comprehensive that only 

a few ot the high spots can be touched upon. The pres- 

ent day automobile while retaining many features and 
principles developed as far back as two decades is nevertheless 
a marked contrast to its predecessor of only a few years ago. 
This change has been attained by continuous endeavor to 
improve details from which the cumulative result affords 
one of the mechanical marvels of our day. 

A truly just comparison between the various cars can be 
made on the basis of the cubic feet displacement per ton 
mile as listed in Table 1. All the models listed are five-pas- 
senger, four-door sedans with the exception of the Austin 
with its model, the Buick-56 
two-passenger coupe and the Chevrolet Standard coach which 
is a two-door model. The figures are based on a full com- 
plement of passenger load, allowing 150 lb. per passenger and 
where five and six-wheel equipment is optional, the former 
was used in the lower price group and the latter in the higher. 
Since shipping weights are often given by the manufacturer 
it is necessary to add an amount sufficient to cover oil, gaso- 
line and water; 70 lb. was allowed for the Austin and 110 |b. 
for the Chevrolet, Ford and Plymouth group; and 140 |b. was 
allowed on cars up to the Buick-go type. Beyond and includ- 
ing the Buick-go, 190 |b. was allowed. The cubic feet per 
mile is on the basis of the actual aspirated charge and assumes 
100 per cent volumetric efficiency with wide open throttle. The 
cubic feet per ton mile is indicative of the actual work done 
and some of the results are of interest. The Austin has 73.9 
cu. ft. per ton mile, the Duesenberg runs 82.5 and the 
Chrysler Imperial-8, with six passengers and in overdrive, 
74.0. The Auburn Custom 6-52 using the high ratio of dual- 
ratio axle drops to 71.6. This is indicative of the outstanding 
value of the overdrive. 

It is interesting to check the ratings of some of the light 
cars. The Ford, Chevrolet Master and Plymouth-6 run 109, 91 
and 102 respectively. The Graham Cusiom-8 has a rating of 
101.4. It is evident that a greater volume is forced into the 
cylinders due to the supercharger. At 60 m.p.h., there is a 
depression of 2 in. of mercury in the intake manifold, while 
with the supercharger a pressure of 3%4 in. exists. At this 
speed and allowing for the pressure differential, the rating 
rises approximately to 122 cu. ft. per ton mile. I regret not 
having any figures on the Duesenberg supercharger. 

The full complement of passengers is figured in Table 1 
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Table 1 


Make 


Austin 
Auburn 
Auburn 
Auburn 
Auburn 
Auburn 
Auburn 
Buick 
Buick 
Buick 
Buick 
Cadillac 
Cadillac 
Cadillac 
Cadillac 
Chevrolet 
Chevrolet 
Chrysler 
Chrysler 
Chrysler 
Chrysler 
Chrysler 
De Soto 
Dodge 
Duesenberg 
Ford 
Graham 
Graham 
Graham 
Graham 
Hudson 
Hupmobile 
Hupmobile 
Hupmobile 
Lafayette 
La Salle 
Lincoln 
Lincoln 
Nash 

Nash 

Nash 
Oldsmobile 
Oldsmobile 
Packard 
Packard 
Packard 
Pierce Arrow 
Pierce Arrow 
Pierce Arrow 
Plymouth 
Pontiac 
Reo 

Reo 
Studebaker 
Studebaker 
Studebaker 
Stutz 
Stutz 
Terraplane 
Willys 


Note: Computations based on figures furnished by 


Model 


Standard 6-52 
Custom €-52 
Custom 6-52 
Standard &-50 
Custom 8 
Custom 8 

57 

56 

67 

ao 

10-V8 

20-V& 

40-V12 

60-V 16 
Master 
Standard 

Six 

Airflow 8 
Imperial 8 
Imperial 8 
Imperial Custom 
Six 

Six 


Standard Fordor 
Standard 6 
Standard 8 
Custom 8 
Custom 8 

Fight 

417 

421-J 


427 


136 WB 
142 WB 
Bic 6 
Advanced 8 
Ambassador & 
Six 

Fight 
Eight 
Super 8 
Twelve 

836 A 

840 A 

1240 A 


Six 


Flying Cloud 
Royale 
Dictator 6 
Commander 8 
President 8 
SV-16 

DV-32 
Special 


id 


tabulations. 
* with 0.666-1 overdrive. 
+ with 0.705-1 overdrive. 
t allowing for supercharger increase at 60 m.p.h 


No. of 
Passen- 
gers 


See NN NE ETON OP EF SE EE ES OH GE Ft SH NS 
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Design 


Gross 
Weight 
with 
Passen- 
gers 


1500 
4153 
4°86 
4286 
4558 
4660 
4660 
4748 
4122 
5193 
6046 
5655 
6185 
7110 
7560 
3°40 
3425 
4104 
4963 
5187 
5187 


4536 
3°18 
7240 
3535 
4130 
4435 
4580 
4580 
3795 
4020 
4470 


3920 
4850 
6750 
7035 
4260 
4430 
5220 
3990 
4360 
5600 
6485 
6940 
6037 
6142 
6757 
3609 
4205 
4390 
5845 
3785 
4200 
4380 
6260 
6575 
2600 
2996 


Engine 
Displace- 


ment 


45 


209 § 
209. ¢ 
209 .¢ 
279 § 
279 ¢ 
279.§ 
235 ¢ 
235 .3 


278 
344 
353 
353 
368 
452 
206 
180 


241.8 


298 
323 
323 
384 


241.! 


27 
419 
221 
224 
245 
265 
265 
254 
224 


245 % 


303 


217 


240 : 


414 
414 
234 
260 
322 
213 
240 
320 
384 
445 
365 
384 
462 


ee ek OON DOD 


= 


Conww 


ee 


SrOQaa 


201.3 


223 
268 
357 
205 
221 
250 
322 
322 
212 
134 


cocoewonwznoe 


a 


tw 


Engine 
Rev 
per 


Mile 


4205 
3312 
3788 
2525* 
3337 
3738 
2492* 
3360 
3360 
3190 
2950 
3115 
3115 
3125 
3040 
3003 
3083 
3030 
2930 
2910 
2052t 
2780 
3030 
3240 
2460 
3022 
3134 
3130 
3023 
3023 
3038 
3360 
3305 
3190 
3620 
3410 
3070 
2975 
3420 
3050 
3070 
3298 
3311 
2930 
2985 
2897 
2880 
2880 
2800 
3150 
3248 
3120 
3000 
3505 
3580 
3370 
3185 
3185 
3021 
3268 


Cu 


Comparative Rating of Passenger Cars 


F + 


Displace- 
ment 


pe 


Mi 


193 
203 
222 
232 
279 
223 
217 
234 
279 
228 
237 
367 
356 
232 
230 
286 
203 
230 
271 
332 
373 
304 
320 
374 
183 
209 
241 
310 
208 
228 
230 
296 
296 
185 


126 


r 


le 


48 
15 
06 
37* 
26 
74 
83* 
76 
76 
6Y 
32 
37 
37 
76 
59 
70 
37 
73 
18 
39 
03t 
53 
73 
19 
74 
30 
12 
25 
15 
91t 
63 
78 
58 
86 
13 
10 
76 
38 
35 
16 
04 
55 
21 
30 
35 
44 
66 
66 
30 
48 
95 
94 
59 
21 
93 
28 
75 
75 
32 
90 


Cu. Ft 
per 


73 
96 
1C7 
71 
118 
129 
86 
96 
110 
98 
112 
102 
93 
105 
91 
4 
103 
102 
105 
74 


"93 
104 
82 


109 .é 
OR : 


100 


101 
122 


117.5 


108 
104 


116 

97 
108 
101 
109 
103 
109 
102 
105 

96 
102 
107 
100 
104 
110 
101 

99 
110 
106 
110 
109 
105 

4 

90 
102 

84 


Ton Mile 


97 
87 
35 
57* 
59 
93 
62* 
37 
00 
86 
36 
53 
90 
60 
18 
22 
23 
17 
01 
02 
047 


35 
23 


39 
77 
97 
33 
08 
91 
59 
03 
60 
97 
50 
62 
93 
42 
79 
68 
86 
22 
36 
02 
01 
12 
81 
27 
95 
71 
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and the rating naturally would be higher with partial load. 
The difference in weight between a two-passenger car and 
the corresponding five-passenger is slight and the vehicle 
would be assessed at a higher value. Thus, in comparing the 
Buick-57 with the Buick-56, between which a difference of 
176 |b. exists, it will be noted that the ratings are 96 and 110 
respectively. The highest rating in Table 1 is for the Auburn 
Custom-8 at 130, without the overdrive. These figures em 
phasize the fact that we are dealing with quantities which are 
vitally affected by the many variables that enter into fuel utili 
zation such as mixture ratio, volumetric efhiciency, compression 
ratio, combustion chamber design, etc. From the column called 
“Cubic feet per mile” it would be possible to figure the theo 
retical fuel consumption of the different vehicles but again this 
would be on the impossible assumption of equal fuel utiliza 
tion in each case. 

The weight of a car is influenced to a large extent by the 
particular service it is to fill, depending upon how many 
factors are essential other than the mere requirements of 
transportation. Some such factors are comfort, capacity, per 
Table 1 
speak for the actual work that is done but does not discrimi 


formance, speed and endurance. The results of 
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nate between the unit whose sole purpose is conveying the 
passengers from one place to another and the other extreme 


taking in luxury and ultra comtort. A glance at Table 2 


which gives the weights of a few cars on a “per-passenger™ 
basis, will show that there is a range of 2 to 1 starting with 
the Ford at 557 lb. and extending to a five-passenger Stutz at 
1102 lb. The larger cars are really entitled to be considered on 
a seven-passenger load basis and the top figures is 930 lb. for 
the Cadillac V-16. This gives a 1.7 to 1 range starting with 
the Ford. It will be noticed that the cars in the light group, 
including the Austin, are very close to each other on this 
basis. Lighter cars are in the ofing and we will probably see 
a still lower weight of vehicle per passenger. 

[It was considered a great event when it became possible to 
cbtain 100 ton-miles per gal. of fuel in the truck field. The 
passenger car with standard setting 1s almost able to do 
around o.4 this figure, which is a good showing in 
view of the light load factor due to part throttle running. 
\ 1934 Pontiac on the Proving Ground was able to obtain 
39.7 ton-miles per gal, at a speed of 25 m.p.h. The economy 
runs are made on a perfectly level stretch of pavement at 


uniform speeds both with and against the wind and _ the 
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results averaged. Pontiac’s experience has been that owners 
average 1n the neighborhood ot 8o per cent ol the average 
Proving Ground economy. The figure given above is based 
on a 350-lb. passenger and equipment load. 


Car Speed,m.p.h 


9) 


Fig. 2 


Packard 


has 


Car Speed,m.p.h 


Power Requirements and Output 


8, Super-8 and 12-cylinder 1934 models. The two-passenger 
load and equipment totalled 375 lb. Runs were made on 
their concrete test track which is 2'4 


miles in circumference. 


A Graham-64 (8-cylinder, 34% in. x 4 in.) has obtained 40.3 








cbtained 39.58, 41.25 and 39.16 ton-miles per gal. from their ton-miles per gal. with a 325-lb. load. All of the above are 
with standard settings which could be considerably improved 
if maximum economy were the object. We can expect increas 
Table 2—Car Weights on a ‘ Per-Passenger’”’ Basis ing economy each year. 
| Car Weight The resistance which must be overcome in driving a car 
Passenger Per Passenger, consists of wind loss, tire loss and the frictional resistance in 
Make Model Capacity Lb. the rear axle, propeller shaft and transmission. The value of 
Ford Standard Fordor 5 557 these quantities will be seen in Fig. 1 which is tabulated from 
— — ; pe tests ON a 1933 Buick-go with 4.36 axle ratio and for which 
Austin 2 600 I am indebted to the Buick Motor Co. Note in the left curve 
Studebaker —_ Dietator-6 5 607 that at 76 m.p.h. the engine output with muffler but without 
Dodge Six 5 634 fan is 87.5 hp. while the i.hp. is 162. The data on the right 
Chevrolet Master 5 638 ) : 
Cent, iin 5 648 curves were obtained by plotting the hp. required to overcome 
Hupmobile 417 5 654 wind resistance and adding the other losses progressively. The 
Chrysler SIX ° 601 method pursued in obtaining the curves is given in Ap- 
Studebaker Commander-S 5 690 , 
Pontiac 5 691 pendix A. 
Studebaker President-S 5 726 Acceleration is dependent on the reserve power over that 
— ag 4 oi required to drive the car at the particular speed involved. The 
Buick 57 5 S00 reserve power on the 1934 Pontiac will be seen in left portion 
Lincoln 136 W. B. ’ 814 of Fig. 2 in which the margin does not narrow down con 
a 1240-A 7 = siderably until after 60 m.p.h. is reached. Compare it with 
dower 12 - R41 the 1933 motor output which is indicated by the dotted line. 
Cadillac 40-V 12 7 866 In the “Driving Power Required” curve, the point of maxi- 
Duesenberg é 884 mum speed is known; the balance of the curve was plotted by 
Cadillac 60-V16 i 930 , ; : ed = 
Cadillac 10-V8 = 98] formulas and data for overcoming wind and friction. The 
Pierce-Arrow 840-A 5 1078 right portion shows a curve obtained by the Ethyl Gasoline 
Stutz SV-16 5 1102 


Corp. and on which is indicated that wide open throttle 
engine power for another make of car at compression ratios 
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Fig. 3—Trends of American Passenger Car Engine De- 
signs since 1925 


of 5 and 7 to 1. In this particular instance increased power 
attainable by a higher compression ratio results in a substan 
tial increase in top speed. Although the actual increase in 
engine power due to increase in the compression ratio men 
tioned is only about 15 per cent, the increase in accelerating 
ability prevails throughout the speed range, especially at the 
higher speeds. 

Since acceleration is dependent on power output, it is evi 
dent that in order to obtain desirable acceleration, streamlined 
cars will never be fitted with the small powerplants that have 
been predicted as possible. The extra power needed for 
rapid acceleration occurs when wind resistance is not a factor. 
The necessary time for acceleration naturally is lessened when 
greater power is available. Tests on a certain small-cylinder 
automobile with compression ratios of 54 and 7 to 1 showed 
that acceleration from 5 to 45 m.p.h. was accomplished in 
14 sec. at the higher compression ratio while it took 18.2 sec. 
with the 54 ratio making an increase of approximately 
per cent in accelerating ability. 


20 

Tests by Bohn Aluminum on a 2500-lb. car with the two 
passengers also show the improved performance with in 
creased power due in this case to the use of aluminum heads 
and the permissible higher compression ratio. The accelera 
tion time in seconds follows: 


Car Speed, Cast-Iron Head, 


M.P.H. 5-5 Ratio 6.35 Ratio 

7 tO 25 6.0 e2 

7 to 35 0.9 8.1 

7 to 45 14.0 11.75 

7 to 55 21.2 15.7 

7 to 05 22.0 23.0 
Maximum speed 77 m.p.h 86 m.p.h 


Engines 


A retrospect of engine characteristics for the past 10 years 
is summarized in Fig. 3, which is reproduced by permis 
sion of the Ethyl Gasoline Corp. The continuous rapidly 
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Aluminum Head, 


increasing output with small displacement increase is evi- 
dent. What does the tuture hold? Considering the tormula 
b.m.e.p. Displacement X r.p.m. 


hp. 


3 how Can we 
792,000 


boost the numerator to increase the output? Larger sized or a 
greater number of cylinders are taboo in view of increased fuel 
consumption and relatively low performance gains in propor- 
tion to power increase. Greater r.p.m. is not attractive due to 
inertia, vibration and other undesirables. Increasing the 
b.m.e.p. is the logical line of attack and so we find great 
activity in higher compression ratios, greater value capacity, 
aluminum heads and supercharging. 

There seems to be a mistaken notion that a higher com- 
pression ratio will in itself produce greater power output and 
is a yardstick in comparing different units. This would only 
be true were all conditions ideal and constant among different 
engine designs. That this is not the case will be readily 
apparent in comparing the Buick-50 and the Terraplane with 
compression ratios 54 and 5.8 to 1 with b.m.e.p. at maxi 
mum hp. of 92.6 and 83 respectively. In comparing Ford 
and Studebaker Commander, both with 6.3 to 1 ratios, the 
b.m.e.p. is 85.2 and g2.2 respectively. The b.m.e.p. method 
of evaluating engines is the most desirable one. Indicative 
of the valve capacity of an engine, one might compare the 
Stutz single and double valve engines which are alike except 
for the number of valves and the compression ratio which is 
5.5 to 1 for the single valve and 5 to 1 for the double. Their 
b.m.e.p.’s at maximum hp. are respectively 84.3 and 98.5. 

The supercharged Duesenberg heads the list with a b.m.e.p. 
of 119. 

The ability to boost the power output of a basic engine 
design is shown at the left in Fig. 4 indicating the output 
and fuel consumption of the Lycoming models G F and GG, 
used in the Auburn Standard-8 and Custom-8. In the former 
a cast-iron head is used, 5.35 to 1 compression ratio, 18 mm. 
plugs and a single carburetor. In the case of the custom 
model an aluminum head is used, 6.2 to 1 compression ratio, 
and 14 mm. plugs. In testing model GF, 65 octane fuel was 
used and 7o in testing GG. These curves show what can 
be done on a basic block design. 

Similar comparative tests by Bohn give the step-by-step 
gains in using cast-iron pistons and head, cast-iron pistons 
ind aluminum head, and an all-aluminum combination: 


Standard Engine Aluminum Aluminum 
Cast-Iron Head Head Head 
Cast-Iron Cast-Iron Aluminum 
Pistons Pistons Pistons 
Compression Ratio 5-70 6.10 6.5 
Horsepower at 3600 $2.56 90.5 101.5 
i lorsepow er Gain 7.94 15.94 
Percentage of Gain 9.6 23. 
Horsepower at 4000 75.8 84.32 95-31 
Horsepower Gain 8.52 19.51 
Percentage of Gain bi.2 25.8 
Maximum Torque 164.25 170.70 191.57 
Torque Gain 6.45 27.32 
Percentage of Gain 2.92 16.6 


Maximum Compression 


Pressure [30.9 142.7 154. 


The increased power output shown in the third column 
} I 

was not obtained solely through the use of the aluminum 

head and pistons. It was made possible by improving the 


] 
manitolding and carburetion in conjunction with the alu 
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minum heads and pistons. This pertormance was impossible 
to obtain with the same manifolding and carburetion with 
a cast-iron head and cast-iron pistons. The power gains are 
usually accompanied by an improvement in fuel economy. 

Reterring to the Lycoming GG engine at the left of Fig. 4, 
it will be seen how “Old Man” friction hp. keeps right on 
rolling along. Piston and ring friction account tor about 50 
to 60 per cent of the total increasing at a faster rate than 
engine speed. The friction of the bearings and auxiliaries is 
a relatively small amount and increases in direct proportion 
to the speed. The fluid pumping losses assume a considerable 
magnitude at the higher speeds and raise the questions of 
valve capacity, flow through the manifolds and valve _pas- 

sageways, and carburetor and muffler restrictions. At ihe 
right in Fig. A are curves of the friction hp. of the Graham-65 
(6-cylinder, 34 in. x 44% in.) engine with the cylinder head 
on and off, all other conditions being the same. 

The ability to maintain an equal volume in each cylinder 
is seen in Fig. 5 showing the compression pressure ot each 
cylinder of the 1933 Buick-go in a motoring test in contrast 
with the average tor all cylinders. The closeness is quite 
remarkable when consideration is given to the various factors 
such as manitolding, valve porting and unmachined combus 
tion chambers which would influence the individual filling 
of the cylinders. 

The change in the slope and character of the output curves 
of the Graham-64 (same as 67) and 69 engines is indicated in 
Fig. 6. These engines are not directly comparable since their 
displacements are 245.4 and 265.5 but the ability of the super- 
charger to flatten out the torque curves and run up the hp. 
into the higher speed range is easily recognized. The fuel 
curve is also flatter and shows a lower consumption. The 
thermal efficiency curve is flatter and at a higher mean value. 





Model GF 
No. Cyl, g oe | 


Mode! GG | 
- No.Cyl. 8 TO 


Bore 3/)j¢-Stroke 43, | Bore 3hg- Stroke 4%" 
Displacement-280 cu.in. 
Compression Ratio-$.35 : ‘1 Compression Ratio-6.2:/ 


Displacement- 280 cu.in. | 


Fue -65 Octane fue/-70 Octane 








Io" Single Carbureter 1” Duplex Carbureter 
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Cylinder 


Distortion due to heating and clamping are now recog 
nized and when overcome permits the piston rings and 
valves to operate more efficiently. The juncture of various 
walls with the cylinder wall as well as unequal or excessive 
heating in the block is bound to throw aay cylinder out ot 
line with the result that the rings are unable to follow the 
irregular contour and are sometimes excited to their natural 
vibration period. There seems to be a place when machin 
ing for the heating of a cylinder casting to simulate operat 
ing conditions more closely and obtain a better final finish 
grind and honing under such conditions. The uneven tight 
ening of cylinder stud nuts when the bosses are improperly 
placed also distorts the cylinder bore. 
sleeve are not to be overlooked. 


The cylinder liner and 


A wave is sometimes placed in the block head surface when 
lightening, preventing proper valve seating. The valve in- 
sert has overcome this menace to some extent. A full com- 
posite block construction is attractive, except from the cost 
end. 

An interesting development of the year is the Pontiac head. 
Bosses are located above the valve heads and the added vol- 
ume at these points permits the combustion chamber rool 

be held The exhaust 
valve also benefits by a relatively cool surface in closer prox 
imity to its head. 


a higher level than otherwise. 


Since valve-in-head engines are well known for their lack 
of turbulence, it is interesting to note the construction of the 
new Chevrolet head in which combustion control is provided 
by borrowing from L-head practice. 

In the investigation of aluminum heads, Bohn has found 
that the usable compression ratio with a standard 60 octane 
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fuel can be increased from 5.5 to 6.4 with the tollowing in 
creases in compression pressures. 


. , 
R.P.M. Cast-Iron Head Aluminum Head 
1200 121.5 153.5 
1600 122.0 153-5 
2000 124.5 153-0 
2400 125.5 1602.5 
2800 130.5 165.5 
3000 131.0 100.5 
120 === 
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The increases in compression pressures result in an increas¢ 
in the b.m.e.p. from 102 to 115 lb., and it follows that a pro 
portionate increase 1n torque 1s obtained. 

More uniform combustion chamber temperatures are ob 
tained, due to the higher thermal properties of aluminum. 
The tact that such an increase in compression pressures, as 
given above, is possible using lower grades of fuel without 


evidence of detonation proves this point. 


Crankshaft 

With the present high rotative speeds, the crankpin pres 
sures due to inertia exceed those due to gas pressure. An 
analysis by the Ethyl Gasoline Corp. is shown in Fig. tor 
in 8-cylinder engine in which it will be noted that a speed 
over 2550 r.p.m., the inertia forces become greater than the 
combined inertia and gas pressures under wide open throttk 
m7? ee 1 compression ratio. It will be seen that the com 
bined pressure is slightly less than in the case of the 5'5 to 
1 ratio. At the lower speeds, the average bearing pressure is 
greater with the combined gas and inertia pressures when the 
engine is operating at full throttle. This is seldom the case 
it these speeds except when accelerating and hill climbing 
in which case the actual pressure would be lower than the 
curve indicates. This information 1s summarized in Table 3. 

There is an increase in the tendency to balance the whol 
rotating line instead of the mere crankshaft and flywheel 
unit. Packard balances this combination together with the 
clutch and clutch cover plate assembled to the flywheel. 

A new definition of an optimist would be one who omits 
a crank handle. This decision was made betore the past ab 


normal winter and the service station angle might be amusing. 


Piston Assembly and Connecting Rods 
The aluminum piston has made considerable headway. 
We find the cast-iron piston on the Buick, Chevrolet, Con 
tinental, Cunningham, Oldsmobile, Pontiac and Willys. It 
is of unusual interest to find aluminum pistons in the Cadil 


lac and LaSalle. The age-old controversy on piston material 
seems to have reached a point beyond the half-way mark and 
there can be no doubt about the future. The results with 


alumilited pistons indicate in cold room tests that the plain 
aluminum piston will mark up quite badly and scuff in five 
cold starts with the oil at zero, whereas alumilited pistons in 
the same engine will be in very good shape after 75 cold 
starts, all conditions being equal. Tests run by the Alumi 
num Co. of America show that in so far as cylinder wear 1s 
concerned there is no choice between coated and uncoated 
pistons. Some talk of excessive cylinder wear due to the fact 
that aluminum oxide is very hard and abrasive would be 
true were the pistons put into the cylinders perfectly dry. This 
however is not the case, as they are dipped in oil after being 
treated and are well lubricated in operation. A drop of oil 
nullifies this argument completely and eliminates any abrasive 
action. The ring grooves hold up much more satisfactorily 
when they are coated than when they are not. 

The ability of the piston rings to maintain a proper seal 1s 
influenced by the nature of the oil film on the cylinder wall. 
This film is exposed to flame during the power stroke and 
the outside layer is burned to carbon, some of which mixes 
with the oil and finds its way back to the crankcase. If a thin 
film is maintained very little carbon is formed due to the inti- 
mate contact with the cool cylinder wall and the flame does 
not have time to burn it. A thick film permits the burning 
of the layer farthest away from the wall and results in greater 
oil consumption. The thick oil film is ideal for maintaining 
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Table 3—Effect of Compression Ratio on Mean Crankpin 
Pressure at Full Throttle, 8-eylinder Engine 


Bearing Bearing 


Engine Pressure Pressure, 
Speed, Compression Full Throttle, Inertia Only, 
R.P.M. Ratio Lb. Lb. 
1.000 5.5 32 286 
1,000 7.0 580 286 
2 OOO 5.2 1,208 1,138 
2,000 7.0 L 222 1,138 
3,000 5.5 2,492 2.590 
3.000 7.0 2,480 2 590 

+ OOO a2 4+. 460 +. 600 
+, OOO 1.0 4.300 4.600 
5,000 oo 7.081 é,e0" 
5,000 7.0 7,027 ¢,251 


minimum blow-by and in the Pertect Circle “70” ring the oil- 
locked groove maintains such a lm and keeps it at a point 
where it will not be burned. Fig. 8 shows the results of a 
dynamometer test on a light 6-cylinder car at a speed equiva 
lent to 60 m.p.h. showing the great decrease in oil consump 
tion by the use of the “7o” ring. Two compression rings and 
a type-85 oil regulating ring were used in the first test. In 
the second test the “70” took the place of the regular compres- 
sion rings, the blow-by being practically the same. In the 
third test the bridges at the ends of the “70” groove were filed 
away, making an ordinary scraper ring of it. This was done 
without removing the rings trom the pistons. It will be 
noted that the oil consumption was greatly increased. 

Tests made by the Standard Oil Development Co. on a 
number of 1934 cars of the lighter group indicate that oil 
consumption remains fairly constant up to a mileage ot 


11,000 or 12,000 whereas former oil consumption usually be- 
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gan to increase at about 3000 miles of operation. This is 
indicative of the improvements in ring design and their proper 
operation. 


Valves 


The poppet valve has survived in spite of numerous on- 
slaughts. Time will tell whether or not its limited breathing 
capacity will result in its replacement. Some engines are 
under development which because of their ability to fill the 
cylinder and allow it to be evacuated more efficiently, a 
b.m.e.p. of 124 maximum has been obtained, dropping off 
to 1064 at maximum hp., occurring at 4000 r.p.m. The 
proper filling and burning process has much to do with valve 
capacity and the trend to get greater output from the same 
displacement emphasizes some of the shortcomings of the 
poppet valve. 

Increase of compression ratio without detonation is being 
retarded by inability to keep the exhaust valve at a lower 
temperature. The piston head temperature is also a factor. In 
the aim for greater output the exhaust valve must be dealt 
with. Use of the Thompson copper-cooled valve has corrected 
detonation in several cases in which the temperature has 
been lowered 150 deg. fahr. and which can easily spell success 
or failure in a critical condition. The recent increased power 
output of heavy duty engines has required improved exhaust 
valve materials, principally the austenitic steels, such as the 
Rich 143 W and A.ES. steels. Austenitic valves when faced 
with Stellite are even more desirable. 

Experiments of the Ethyl Gasoline Corp. using soap suds 
as a crankcase lubricant, spraying of the lubricant in copious 
quantities on the under side of the piston and the use of an 
internally water-cooled exhaust valve, permitted an increase 
of 25 per cent in the b.m.e.p. of the engine on the same fuel 
without detonation. A one-third increase was possible at a 
15 to 1 air fuel ratio. These increases are shown in Fig. 9 
and indicate that a greater gain is possible at the economical 
air fuel ratios. These tests were made on a single cylinder 
34 in. x 5 in. engine. The compression ratio was so adjusted 

(Continued on Page 36) 
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John M. Orr 


General Manager, Equitable Auto Co., Pitts- 

burgh, Pa., was chairman of the subcommittee 

which drafted extended plans and forms for 

the S.A.E. Uniform Motor-Vehicle Operating- 
Cost Classification 


HREE cost-classification or cost-record plans, designed 
Heet 
were approved by the Council at the Summer Meeting 


to serve different sizes and types ol operations, 
of the Society, and will be printed in the next edition of the 
S.A.E. HANpBooK. 

The three plans, with some modifications, are based sub 
stantially on the existing Uniform Motor-Vehicle Operating 
Cost Classification, printed on pages 641 to 646 of the 1933 
edition of the Hanpsooxk, and provide supplementary intor 
mation and the necessary forms for operating a completely 
unified system. 

Alfred F. 


Socony-Vacuum Corp., is chairman of the Transportation 


Coleman, manager, motor-vehicle department, 


Division of the Standards Committee, under whose jurisdic 
tion this extension of the original classification was developed. 
John M. Orr, general manager, Equitable Auto Co., was chair 
man of the subcommittee which drafted the extended plans 
and forms. 

Final figures developed on any of the three plans will be 
complete and comparable with costs developed on either of 
the other two plans. 

Plan A ( Basic ) 1S designed tor small fleets; to provide a 
complete motor-vehicle cost record system with a minimum 
of expense and effort. Charges are made to 8 accounts, in 
stead of the 21 provided in the Uniform Classification, and 
this is true also of Plan B, which is designed for moderate 
sized fleets or for larger operations which do not wish a 
more-complete classification. 

In Plan C, the full 21 accounts of the Standard Classifica 
tion are used. 

Plan A requires the use of only three record forms; Plan B 
of seven; and Plan C of 12. The same Motor Vehicle Cost 
Report is used in operating Plans A and B, and five of the 


forms used in Plan B. 


The eight accounts to which charges are made under 
Plans A and B are as follows: 
Vol. 35, No. 2 


Operating-Cost Fin 


1. Gasoline or Electric Energy 

2. Oil 

3. Tires and Tire Repairs 

4. Repair Material 

5. Repair Labor 

6. Miscellaneous 

7. Other Fixed Charges 

8. Depreciation 

Each of the modified account numbers includes one or more 


ot the accounts in the 
in Plan C. 


Standard Classification used in full 


The inclusion arrangement 1s as follows: 


Modihed Classification 
Number 


Standard Classification 


Account Accounts Included 


tw 


3 3 

4 +5 

5 0.7 

6 3, 9, 10, 11,.12 

7 rz, 14, F5;:10, 15,, 19, 20, 21 
s 17 


The Standard Classification adopted in June, 1933, is being 
used by many companies, the Motorcoach and Motor Truck 
Division points out, but in spite of this, there is little uni 
formity in the plans used by fleet operators to develop cost 
information. 


re 


Some operators gather all fixed and operating 
costs chargeable to motor vehicles, while others omit certain 
of the inflexible items and use variables only tor this purpose, 
the report states. 

In either case, cost comparisons between similar types of 
feet operations are impractical unless preceded by consider 
able analysis and reconstruction of figures to place them on 
a comparable basis, and in the latter case, costs are not com 
plete. The new plans are easily adaptable to all types of 
fleets, and it is hoped that this fact will result in their wide 
use, with consequent benefit to all operators. 

The present three plans have been turned over to the 
American Trucking Associations, Inc., for use in determining 
a uniform method of cost determi 
nation as required under NRA code operations. 

\ summary of the forms used in each of the plans follows: 


a method or formula for 


Plan A 


Basi 


The three forms used include a Motor Vehicle Datiy 
Report which is a combined operating and repair-cost record 
for individual The back of the 
record gasoline and oil used, repair material used, repair labor, 


and tires and tubes used. 


vehicles. form is used to 


The second form is a monthly detail of motor-vehicle costs 
and the third is a monthly report of the costs of fleet opera 
tion by individual vehicles. 


Plan B—Intermediate 


The seven forms used include Motor Vehicle Daily Report, 
a Garage Employes’ Time Report, a Material-Used Report, an 
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ding 


ng For Vehicles Clarified 


Auto-Tire Record, a Garage Daily-Filling Report, a Detail of 
Motor Vehicle Costs Monthly, and the same Motor-Vehicle 
Cost Report used in Plan A. 


Plan C—Complete 


Plan C is recommended to all operators, with but few 


exceptions. It includes 12 forms to carry the 21 accounts of 








\ 
the Standard Classification. The titles of the necessary torms | 
ore are: Motor-Vehicle Daily Report (same as in Plan B), Garage 
full Employes’ Time Report (B), Material-Used Report (B), Re } 
pair-Shop Job Card, Auto-Tire Record (B), Tire-Change 1 
Tag, Garage Daily-Filling Report (B), Perpetual Inventory 
Stock Record, Monthly Record of Oil, Alcohol, or Gasoline, Alfred F. Coleman “) 
Detail of Motor-Vehicle Costs—Monthly, Motor-Vehicle Cost Manager motor-vehicle department, Socony- i 
Report—Monthly, and Motor Vehicle Cost Report. Vacuum Corp., is chairman of the Transporta- j 
. : . i Jivisi > Standards C i ! 
In some cases under Plan C, provision is made for the use tion Division of the Standards Committee, ' 
under whose jurisdiction this extension of | 
of a different form where mechanical accounting devices are the original classification was developed | 
used. | 
The complete plan of the classification and samples of the 
> form headings may be obtained at a nominal price from the 
Standards Department of the Society, 29 West 39th Street, 
New York. 
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The Motor-Vehicle Cost Report reproduced above may be used with Plans B and C. 
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What Members Are Doing 


Charles H. Keel has been elected secre- 


tary of the New York Patent Law Association. 
Mr. Keel is a patent attorney specializing in 
automotive and electrical patents. He is asso- 
ciated with the firm of Bartlett, Evre, Scott & 
Keel and has been a member of the Society 


since 1921. 


Roge Birdsell is with the radiator divi 
sion of the Yates-American Machine Co., Beloit, 
Wis. He was formerly with the Perfex Cory 
On aflilating with the Milwaukee Section he 


was appointed program chairman for the 1934 


35 season 


B. W. Jenkins has joined the United Mo 


tors Service, Inc., as service 


H. H. Timken has resigned as president 


of the Timken Roller Bearing Co. but retains 





engineer in Buffalo, 


N. ¥ 
his office as chairman of the board Soe 
J. C. Hunsaker E. P. Warner R. B. Sch ’ 
v. B. Schenck has re-joined the Buick M 
K. A. L. Suez is service manager and tor ( Pont Micl 1] 
: ; 5 or O., Fontiac, Mich., as chief metallurgist 
sales engineer for the A. F. & R. Service Co., Edward P. Warner, editor of Avtatie . 


Shanghai, China. He was formerly Chinese 


sales manager and engineer for the Motor Man- and Jerome C. Hunsaker, head of the ae Sage has been appointed chiet 
agement & Finance Co. in Shanghai. mechanical engineering department, Massachu gineer, commercial car division, Dodge Bro 
setts Institute of lechnolog ae members of Corp. He was formerly chief engineer of the 
Sam C. Slaughter, formerly of the na- the Society serving on the President's Specia truck division of the Studebaker Corp., South 
¢ Aviation Commission The first meeting of — Bend, Ind 
tional accounts division or tn Ww eal \o., a the Commission was held in the White Hou « 
been appointed = metropolitan sales manager July 10, with Clark Howell, Atlanta publisher, T.C. Pisses ; : 
(New York) for the Mission Dry Corp -C. Fitts, tormer with the Genera 
as chairman Mr. Hunsaker was not present, Ay: ; 
. - but was expected to return from Europe about —— Corp., has joined the Stearman Air 
George A. Crosby has been named chic July 20 to begin his new dutic cralt Co 
engineer of the American Steam Automobile Mr. Warner was named vice-chairman of the 
Co., Newton, Mass. His former position was commission. He has received leave of absence 
development enginee1 from his duties as editor of Aviation Deaths Reported 
The commission was appointed to develop a 
comprehensive plan for all American aviation Deaths of the following members have been 
Commenting on the naming of Messrs. Warner reported to Headquarters of the Society since 
and Hunsaker, Frederick M. Feiker, executive the last issue of the JourNnat 
secretary of the American Engineering Council, 
C. A. Delaney said: ““The appointment of engineers 1n_ these John W. Bate. President, Rex Accessorie: 
‘ key positions gives assurance that the view Co., Racine. Wis 


point of the technically-qualified engineers will 


be available for the effective solution of the  — 
: , Jules Fabian. Machine designer, General 


complex problems of a vital industri The sie 
Motors Research Corp., Detroit 


public interest in finding the right answer to 





the present muddle could not be better served 


Samuel B. Eisenmann. Ground engineer 


George A. Delaney has been appointed ——— and pilot, Pan American-Grace Airways, was 


' ' Nes} ' ‘ 
electrical engineer for the Pontiac Motor Co W ; Killed in a plane crash at Mar Chiquita, Ar 
tlliam H. Lerner is now a develo; 
For the past 14 years he has been with the ; : ; he Olds M Works. ] sentina 
Graham-Paige Motors Corp. as electrical engi — eh plven “a " os ry ~s 
ing, ich e was with th Ul MOTO ( } 
neer and experimental engineer : ' “ m4 John S. Imlach. President and genera 
e as assistant head of the road-test division, engi lol ee : 
: manager, John S. Imlach, Ltd., Ottawa, Ont 
. neering department. = , ; 
Chester H. Fehlberg, tormer a designer , 
“a rs —— baker Sy orp. of America, South H. E. Blasingham has been elected pri David A. Cain. Lubrication engine: 
Bend, Ind., hi: 1 the Cl olet Motor Co.. oe ee : } 
D ‘ ‘ i Le a oe Se ident and general manager of the Buckeye Jack Master Lubricants Co., Los Angeles, Calif 
etroit. cee ean PFN : 


Mfg. Inc., Alliance, Ohio, formed to take over 


. the assets of the former Buckeye Jack Mfg. (¢ 
B. Allison Gillies, former vice-president ; 1 >t ‘Gi Jac 1 
Until recently Mr. Blasingham was general pur 
chasing agent for the Hercules Motor Corp., 


Canton, Ohi He was associated with the Amendment to By-Law 31a 


Indiana Truck Corp., Marion, for 10 years, last 


and treasurer of the Grover Loening Aircraft 
Co., Inc., Garden City, L. 1., is now connected 
with the Grumman Aircraft Engineering Cory 
Farmingdale, L. I., N. Y 





acting as general manager of the plant after it At its meeting on June 17, the Council took 
: , : — consolidation with the Brockway Motor Truc final action to approve amendment of By-Law 

E. E. Sanborn has joined the Nationa Cin vie ‘ten ial ee Meliengin’ 
Carbon Co., New York City, as automotive Upon payment of Society dues by cach 
engineer. He was formerly with the Gult Re Rufus B. Jones, former chief engineer of Member and Associate and for each Afhhiate 
fining Co. in New York the Trailer Co. of America. Cincinnati, ha Member Representative, there shall be avaiable 
' , oined the sales department of the Genera for the use of the Section in whose territory 
B. ]. Olender has joined the General Mo Motors Truck Co.. Pontiac, Mich. Mr. Jone the Member, Associate or Afhliate Member 
tors Truck Co. as full-size commercial-bod was connected with the Trailmobile Co. since Representative resides, an amount of five 
lavout draftsman. He formerly worked on ex 1920 When it was merged with the Lapeer dollars This sum shall be remitted to the 
perimental design for the Buick Motor Cx Trailer Co. he became sales engineer and later Section Treasurer as and if needed to carry on 
chief engineer of the combined companies Section activities of approved types. Additional 
Howard §S. Currier is now development Trailmobile Co. of America He has been sums may be granted to Sections in the discre 

ngineer (chassis) with the Olds Motor Works member of the Society since 1915 tion ol the Council 
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Discussion at Summer Meeting 


in D1 gest 


Accident Prevention Session 


Paper at this session: (See page 21, July issue, for 
digest ) 


Accident Control in Fleet Operation—J. M. Orr, Equi- 
table Auto Co. 


AVID BEECROFT made the definite suggestion that the S.A.E. 

as a Society should get into the accident prevention situation more 
fully than in the past, a suggestion which gained approval at this same 
session trom M. C. Horine and F. C. Horner. “I am not suggesting 
that the Society touch on any of the political aspects of this accident 
situation,” Mr. Beecroft explained, “but feel that its participation should 
take the form of helping to develop some badly needed accurate in 
formation on various technical phases of the problem.” 

Mr. Beecroft voiced the opinion that refusal to permit insertion in 
the new Uniform Motor Vehicle Code of any specifications regarding 
gross weight of vehicles was the most significant feature of the meeting 
of the National Conference on Street and Highway Safety held recently 
in Washington. The only basis which opponents of such specifications 
had left at the end of the Conference, Mr. Beecroft said, was the 
claim that accidents must be stopped and that inclusion of gross 
vehicle weights in the uniform law might hinder achievement of that 
end. 

He mentioned also the strong attacks by rail interests on motor 
vehicle brakes as related to safety, and pointed out that at the Con- 
ference many passenger-car representatives were critical of truck opera- 
tions on the score of trucks failing to keep to the right side of the 


21 





road and of failing to conform to the rule that there should be 500 ft. 
space between various units of a truck caravan. 

The study of directional signal potentialities, he said, is important 
and urged that, in accident prevention study, attention be concentrated 
on the points of greatest importance, naming accidents on the open 
highway, at intersections and between intersections. 

M. C. Horine re-emphasized the axiom that “Accidents don’t happen; 
they are caused”, urging that accident reporting forms should be so 
revised as to evince more interest in what caused the accident and less 
in the happening itself. It is erroneous, he pointed out, to relate gross 
weights to accidents. 

F. L. Faulkner voiced the opinion that truck drivers can be in- 
fluenced readily as regards safety matters, but pointed to the difficulties 
of exerting that influence through the medium of local managements 
when fleets were diffused in various parts of the country. 

He described the system of incentive toward accident prevention used 
by the Armour organization, adding that the educational and incentive 
work needs to have some teeth behind the program to be of maximum 
effectiveness. Any Armour driver, even though driving be only one 
feature of his whole job, is discharged after his third preventable acci- 
dent, Mr. Faulkner said. 

F. C. Horner expressed the belief that many accidents occur when 
cars try to pass trucks which do not stay over on the right of the road 
and that if the fact were known in each case, at least one drunken 
driver would be found involved in most accidents involving two cars. 

Dr. H. C. Dickinson pointed to the fact that traffic rules for boats 
fix the definite responsibility of each boat in any given situation much 
more definitely than do a majority of road traffic rules. A large pro- 
portion of accidents, he said, result from the fact that one driver doesn’t 
know what the other driver is going to do. He urged that traffic laws 
be studied and revised from the standpoint of better fixing responsibility. 
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Sound Session 
Paper at this session: (See page 21, July issue, for 
digest) 

The Place of Sound Measurements in Automotive 
Noise Reduction—E. J. Abbott, University of Michigan. 


(Published in full, page 271, this issue ) 


Abbott's paper, G. 7 
Electrical Research 


audiomete! 


discussion ot D Stanton, 


iy opening the 


acoustic consulting 
Inc., introduced a. slide 


superintendent of Products. 


showing the which gives a sound 


consisting of a very large number otf components, and a 
second slide showing tme fluctuations in noise \ third slide was used 
asa basis tor describing a sound meter of the 

Prepared discussion by Mr. Stanton emphasized the 


statement of the analysis of sound in factor 


frequen 


weighted overall type 

point that a 
complete terms requires, 
in addition to intensity and frequency of components, a consideration 
of the element of ume. This time pattern, he said, is of material assist 
ance to the ear in separating the 
hiters 
several parts wer 


various parts of complex noise 


arranged to divide the 


found well 


Electrical frequency spectrum into 


adapted to the study of noise in terms 


j 


of its annoyance or effect, he said, 


hibitive 


psychological but unless a pro 


number of filters was employed, the detail was far too limited 
for an engineering study of the causes of nots¢ 

In conclusion Mr. Stanton pointed out that, while all of the dith 
culties and complexities mentioned by Dr. Abbott actually 
be thoroughly considered in any attempt to make measurements, 
it is, however, completely practicable through a thorough understanding 


of those features which may be 


exist and must 
Noise 
neglected in a given problem or by the 
selection of apparatus to minimize certain eflects, to make noise mea 
surements rapidly and with sufficient accuracy to serve as a unerring 
guide in a determination of _ the 


changes and to point the way in the 


accomplishments of any design 
selection of those changes which 
should be made to accomplish further reduction. 

Mention must also be made, he 
measurements in a laboratory 


said, of the application of acoustic 
determination of efhiciencies of materials 
for acoustical absorption, mechanical damping resistance and the efh 
ciency of transmission reduction of enclosures. 
In combining a material to add acoustic 
damping, it would 


information on_ the 


mechanical 
sound engineering to have definite 
efhicie nc ot the intended tor these 


absorption or 
appear to be 
materials 
purposes. 

The Chrysler Corp. has had valuable 
motive work with sound analyzers of the 
reported by C. A. Tea of the Chrysler engineering department 
with bands varying in octaves from 64 cycles up are 
he indicated. 


experience in general auto 
band-pass filter type, it was 
Analyzers 


most satusfactory, 


In attacking the noise 
frequencies by 
effect a spectrum of uniform ear response. 
low “drumming” 
intensity, 


problem, it is important to attempt to balanc« 
partial reduction and adjustment of noise intensities to 
For example, Mr. Tea said, 
raised in trequency, or 


noises, whe n 


reduced in 
much more 


even eliminating higher frequency 


tend to produce apparent quiet than reducing ot 


notes. Where ordinary noise meters 
fall short is in their inability to recognize 
than total loudness influences the 


which is usually very difficult to reduce 


frequency and this even 
more pleasantness of mixed sound, 
appreciably. 

In discussing the treatment of car bodies for noise reduction, Mr. Tea 
said that “some deadening materials are really disadvantageous because 
they lower the tone and simply 


intense 


bring the part into resonance, with 


more vibrations resulting.” 
Distinction between acoustical aids to locate weaknesses in manufac 
sounds which annoy the 


Laird, psychological laboratory, 


ture and those used to locate 
made bv Donald L. 
Measurements of the first type cannot be 


customer, Was 
Colgate University. 
made on too accurate 
according to Mr. Laird, and measurement of the second involves not only 
the intensity of sounds, but their quality 


In discussing detail 


} 
a scale, 


also. 


some 


points in automobile-noise reduction he 


said: 

“What audiometric instruments record depends upon the surrounding: 
in which the measurements are made. Extremely uniform surroundings 
are more essential in sound determinations than perhaps in any othe: 
held of always be 
taken in a test room which gives the maximum reverberation; this will, 
in a magnify the readings and parts at their 
worst—the horn of an automobile always sounds louder in the en- 
closed garage than out on the open road. ‘ 


mensuration. One 


series of measurements could 


sense, show up. the 


“Not a great deal can be done to decrease noise at it strikes the 
passenger by enclosing the chief noise sources, unless considerable added 
weight is incorporated in the housing. ' 

“The transmission, or telegraphing of problems 
of practical importance, especially since resonant surfaces or cavities may 


build up the weak primary source. ; 


noises, offers many 
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More consideration should be reduction in noise b 


given to the 
the use of unlike materials at points of contact 


R. | Norris otf the Abbott 
contenuon that the results of sound measurements should be interpreted 


by an experienced sound-engineer. 
“It does not seem that we are 


Burgess Laboratories emphasized Prot 


being enurely tair to the acoustica 


ngineer,’ he said, “unless we are 


willing to learn his language to such 
in extent that we can intelligently state the problem that we would like 
to have him solve tor us and when he finds the solution, to understand 
what he is talking about when he makes his report 

importance than was assigned to them b 
Lr Abbott, according to C. | Nelson ot the 


pointed out, may have 


Resonances are of more 


Burgess Laboratori 


\ piece of equipment, he a comparatively high 
range, and still be acceptable 
than a piece otf equipment which develops a distinguishable noise 


periodic character. 


noise-level over the whole speed more 


“Background or unpitched noises are still noises,” he 


is essential to reduce them also if effective quieting is to be 
plished.” 
lo a question b 


Ferdinand Jehle, research engineer, White Motor ¢ 


as to whether the use of the instruments described was within the 
Abbott rephed that it was 
better to assign a job to a man who was specially 
instrument will As to cost, Dr. Abbott said, experiments 
might be started with an appropriation of $2,000. Mr 
this figure as extremel 


ment was by a small group of engineers 


cope of the ordinary engineer, Dr 


usuall 
qualified as “no 


do everything 
Stanton regarded 
modest, pointing out that $90,000 tor equi 
spent working entirely on 
sound-problems 


Ek. G. Gunn, Walker Mfg. Co., 
to impossible to 


reported that he had found it next 


make usetul diagrams of the 


high-pitch notses in 


tudving conditions in an exhaust system Mechanical 


filter were 
resorted to for studying such noises. 


By putting an adjustable Helmholtz resonator near the end of th 


muffler tail-pipe and connecting this to a 


manograph, the ré 
critical notes 
filters between the end of the tail pipe and 


said, various notes could be 


sonator 
adjusted to show the curve of the 


Ouincke 
the manograph, hx 


could be 

By inserting 
tuned out so that the 
could not be 


filters 


heard in the pipe with a stethoscope. Use of Quincke 
in the exhaust line has failed to accomplish the same result 
The use of sound-measuring equipment has been ampl 
the experience of the Johns-Manville 
noises as well as other sorts, 
by John S. Parkinson. 


Mr. Parkinson extended Dr. 
used for the 
into fou 


justified b 


Corp. in measuring automobile 


according to written discussion submitted 


Abbott's 


elimination of noise and 


reterence to types of material 


vibration by classifying them 
sound-insulating material, vtbration-damping 
material, sound-absorbing material 


Each of these 


groups as follow 


and vibration-insulating material 
materials has a special function, he said, and possesses 
pecial characteristics of its own. The knowledge of these characteristic 
is an essential to their intelligent use 

Considering the 


harmonics of engine vibration, is it possible to get 


a reliable record of 15 cycles per sec with asked 
Robert Insle\ 


In reply, Dr. 


a simple pick up? 

Aircratt 

Abbott stated that such frequencies could be measured, 

more important as vibrations than as sound, and that 

the two things should be considered separately. 
In reply to a question by J. H. Hunt, Dr. 

was perfectl meters tor 


research engineer, United 


but would be 


Abbott indicated that it 


possible to use Noise routine 


inspection of cars 
leaving the assembly lines 
Austin M. Wolf asked whether it was better to test final assemblies 
x whether the tests of components before assembly could be relied upon. 
Inspection of final assemblies was advocated by Dr. Abbott. who 
pointed out that the fan on a small motor was very quiet 
operated separately, but in final assembly it radiated noise. 
Referring to car 


when 
noise to high speed on concrete 


highways, Joseph 
Anglada asked whether such noise 


was caused by tres or muffle: 
Dr. Abbott said that the question could not be answered until “some 
one has sufhcient courage to find out what causes the noise in such 
ases.”” 
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Truck Design Session 


Paper at this session: (See page 21, July issue, for 
digest ) 


Lightness in Truck Design—Austin M. Wolf, Con- 
sulting Engineer. 


| N opening discussion, Chairman A. G. Herreshoff asked if F. K. Glynn 
and J. F. Winchester could supply some figures on how much per 
pound it costs to operate a truck during the life of the truck. 

In replying, Mr. Winchester indicated definitely that the subject of 


weight saving. as outlined in the paper, was a very important one. He 


OTL s 


reted 


tical 
such 
like 


tand 


lies 
on. 
vho 
hen 


eph 
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uch 


for 
—_ 


ynn 
per 


of 
He 
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pointed out that through the use of aluminum for stake truck bodies 
and tank trucks very material savings in gross weights had been made, 
because the lighter body permitted the use of a lighter chassis. It was 
definitely stated in his operation that through the use of this combination 


an average of 2'4 to 3 ton dead weight had been eliminated. Payloads 
of 1500 gal. of gasoline with 100 gal. of lubricating oil on the side racks 
are being hauled today on trucks with a gross weight of 20,000 Ib., 


whereas 4 or 5 years ago the same load grossed approximately 26,000 to 
lh 


27.000 !ID. 


“The importance of this saving can best be pointed out by taking into 
consideration some of the states where more or less restrictive legislation 
is now a part of the statute. In these states through the above combina- 
tion it is still possible to haul the same amount of payload as heretofore. 

It is anticipated that the lite of the body will be as long as that of 
steel with greater salvage value. Regarding the chassis, its mileage life 
would not be as great, but inasmuch as the total investment in same was 
very materially lower than the heavier ones heretofore employed, the 
ultimate cost between the two, even with its shorter life, would be 
approximately the same. 

Careful consideration ot possible savings in chassis weight may bring 
savings of thousands of dollars a vear, Mr. Winchester concluded. 

Offering some approximate figures, Mr. Glynn expressed the opinion 
that cutting down chassis weight would save operating costs to the extent 
of about $1.66 per Ib. during the life of the truck. 

All of the thoughts developed in Mr. Wolt'’s paper are possible of 
application, according to B. B. Bachman. 

But, Mr. Bachman cautioned, we have not yet arrived at the tme 
when the requirements of operators have been stabilized sufficiently to 
permit the development, commercially, economically and profitably, of 
such a unit as that visualized by Mr. Wolf. 

Attempts at weight saving in some directions defeat their own ends, 
it was indicated by A. J. Scaife. Mr. Scaife referred to bus construction 
of the “frameless” type, where the body and chassis were combined. 
Additional members necessary to give stiffness to the assembly, particu 
larly in the “Metropolitan Type” with a center door, would counteract 
a lot of the saving, he thought. 

Some alloy steels could be tabricated into structures hghter than alumi- 
num, he pointed out, because of the different physical characteristics of 
the material. 

An exchange of opinions between airplane, passenger car, and truck 
engineers might produce benchit tor each vocation, it was suggested by 
F. F. Kishline. 

Even small savings in weight may be important in commercial- 
trucking operations, W. G. Wall pointed out, and the possibility of 
attaining them should not be lost sight of in the struggle for spectacular 
savings. 

He gave examples of weight-saving on various components and sum- 
marized by saying “‘all in all, the percentage of reduction has been very 
little, but I think the future holds out to us the promise of making a 
very much greater reduction 1n our weights and therefore increasing the 
advantages of the economic use of our vehicles to a great extent.” 

There is such a thing as a structure too light to be economical, and 
also a structure too heavy to be economical, M. C. Horine said. 

“I do not believe,” he continued, “in any type of engineering involv- 
ing such a tremendous variety of problems, that a definite standard of 
capacity per pound of weight on the tire can be arrived at.” 

In Mr. Wolf's paper it was stated that “the average increase 1n horse- 
power from 1927-1934 of the American commercial-vehicle engine has 
been 46 per cent, of which 62.5 per cent has been contributed by in- 
creased engine speed, 11.2 per cent by greater displacement, and 26.3 
per cent by improved b.m.e.p. In the passenger car, the average increas 
in horsepower since 1925 has been 88 per cent: 42 per cent was contrib- 
uted by increased speed, 20.7 per cent by greater displacement, and 37.3 
per cent by better b.m.e.p.” 

Referring to these figures, Mr. Horine said that in his opinion they 
told a story more creditable to the truck than to the passenger car. 
Maximum horsepower means very little in the case of passenger cars, he 
said, because they operate on a power factor so far below that of the 
truck. Passenger cars do not commonly operate on anywhere near their 
maximum horsepower and trucks do. 

The increased number of revolutions per minute is far more of an 
accomplishment on truck engines than it would be on passenger cars, 
because trucks actually operate at their highest speeds a large part of 
the time, but when passenger cars do reach their highest speeds it is 
only momentarily. 

With regard to Mr. Wolf's contention that ‘‘camel-back” truck models 
seemed to weigh more than conventional types of the same capacity, Mr. 
Horine said that it could possibly be explained by the fact that cab 
weights are ordinarily included with the chassis weights of the “‘camel- 
back,” where they are not with the conventional types, and that the 
remote type of controls necessitated by this construction unavoidably 
involved greater weight. 

Referring to Mr. Wolf's suggestion that as rear axles in the new 
designs carry a lower percentage of weight, they might be made lighter, 


Mr. Horine went on to point out that as a matter of fact, the loading 
in pounds does not change, the same sized tires being used; but that 
the front axle loading does increase, thus accomplishing one of the 
principal purposes of the new deal in weight distribution, namely 
greater legal gross weight. Thus, the rear axle cannot be lightened, 
while the front axle must be made heavier both because it carries more 
weight and because for better turning and more cab room it is usually 
made wider. 

The opinion that truck designers, on the whole, design materials for 
use more efhciently than does the 


passenger-car engineer, was given by 
Herbert Chase. 


Motor Vehicle Design Session 


Papers at this session: (See page 22, July issue for 
digests) 


Vehicle Design from a Maintenance and Operating 
Standpoint—F. L. Faulkner, Armour & Co. 


Weight Distribution of Motor Vehicles—E. L. Tirrell, 
Utility Management Corp. 


ALETTER from Clinton Brettell discussing Mr. Faulkner's paper 

was read by Chairman L. V. Newton. Among other things Mr. 
Brettell wrote: “The ultimate goal of such a movement (study of 
vehicle design from a maintenance and operating viewpoint) should be 
the promotion of a much closer coordination between manufacturer 
and user—and to this end, the employment of field engineers to serve 


as a liaison between the two would be a long step in_ the 


right 
direction.” 


One discusser remarked that while it might be the duty of the 
engineers of the truck manufacturers to design trucks, he suspected 
the purchasing agents had something to do with it. 

M. C. Horine pointed out that Mr. Tirrell’s paper really criticised 
the transit type of bus on the ground that the equal weight distribution 
and spring periodicity front and rear tended to cause pitching. Mr. 
Horine stated that this criticism runs directly contrary to current thought 
in passenger-car design where the latest advances in ease of riding have 
been made by attaining exactly that result. “It has always been my 
impression that the slow-period pitching of which Mr. Tirrell com- 
plains is the very thing that shock-absorbers are for,’ Mr. Horine added. 

Mr. Horine questioned also whether the principles of weight distri- 
bution described by Mr. Tirrell could be applied to tractors and semi- 
trailers. 

It is practically impossible, said Mr. Horine, to get a trailer with 
one-fifth of the weight on the front axle, because it is impossible to 
locate the fifth wheel far enough forward to accomplish the result. 

Referring to Mr. Faulkner’s paper he said that in discussing the 
effect of design factors on operating cost, some of the points must be 
modified by operating requirements, which in many cases conflict with 
the best maintenance requirements. 

The inaccessible location of shock-absorber filler plugs on certain 
models was pointed to by H. O. Mathews, in a written discussion based 
on Mr. Faulkner's paper. 

Some of the other points which Mr. Mathews believes should come 
in for attention are: location and design of gasoline filler-pipe, location 
of battery, location of radiator drain, location of tail light and license 
bracket, and air cleaners and oil filters. 

F. K. Glynn called attention to the fact that many gasoline tanks 
were being located under cab seats, and that this gave rise to possible 
danger of contact between the filler-pipe’s metal end and one of the 
battery terminals. He mentioned also that filler hatches, in many 
instances, do not rise much above the top level of the tank and that 
this causes leakage under certain operating conditions. 

That much of the trouble in operations arises from the fact that 
the designing engineer is interested chiefly in the size of the engine 
and the principal units going into the truck, and leaves the draftsman 
to finish-up details, was a point offered by A. J. Scaife. 

Such difficulties as that experienced with vapor lock, Mr. Scaife 
indicated, are cleared up when they get special attention. 

B. B. Bachman agreed with the proposition in Mr. Tirrell’s paper that 
it would be an error to take any fixed load distribution and say that 
it was right for all conditions. If a formula were arrived at, however. 
it would be useful in many instances, and thinking about the problem 
would probably multiply the instances, Mr. Bachman indicated. 

In referring to Mr. Faulkner’s paper he questioned the recommenda- 
tion that tool boxes should be placed under the cab seat. With the 
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difficulty of providing gascline tanks large enough to meet the demand 
of operators of heavy-duty equipment, he said, it would 
aggravate the situation to take out more room for a tool box. 

If commercial-vehicle bodies are the proper length, the CA dimensions 


ertainly 


set up by the Standards Committee are acceptable, said Pierre Schon, 
who stated that he would be opposed to making any changes in 
these dimensions at this time. “We are trying to reduce the numb 
ot wheelbases as much as possible and et meet a requirements ol 


various operating conditions’, Mr. Schon pointed out 
Commenting on Mr. Faulkner's paper, Mr. Schon indicated that 
number ot truck operators servicing long-distance routes demanded 


gasoline-tank filler openings on the right side of the vehicle, so that the 
could take on gasoline from the outside line of pumps at wayside filling 
stations. Large trucks, he pointed out, may have difficulty in getting 
under the root which usually covers the inside line of pumps at sucl 
stations. 


Mr. Smith, of Goodrich, offered the opinion that manufacturers 
ot commercial vehicles might put more thought into reducing the 
number of tire-valve assembly parts which it was necessary for the 
operator to carry in stock. In a reply to several points raised, Mr: 
Faulkner agreed that this was a subject which might well be considered 


by his Committee 


-ssion 





Railear S 
Paper at this session: (See page 22, July issue, for di- 


gest) 


Trends in the Design and Application of Motor 
Trains—-Charles O. Guernsey, The J. G. Brill Co. 


oo H. BROWN, Jaray Streamlining Corp., objected to Mr. 
Guernsey's point of view which, Mr. Brown said, opposed the 
automotive type of engineering in the railcar field and indicated critici 
of the S.A.E. for having included railcars as part of its activities 

Mr. Brown stated his belief that Mr. Guernsey had ignored certain 
tundamentals and urged that “if the economics of the railroad situation 
demand the introduction of engineering as represented by the S.A.1 
then $.A.E. members will have an opportunity in this new field and 
the Society wili have every reason to continue its railcar activity.” Mr 
Brown showed diagrams of the single-unit streamlined railcar which 
has been developed by his organization and described its advantage 
as compared to other types of construction 

Mr. Brown accused Mr. Guernsey of missing the main point of the 
subject in hand in concluding that the trend in motor trains would 
be away from the streamlined single unit car and toward streamlined 
trains with many cars The trend will be just the other way, Mr. 
Brown contended 

Stating that comfort and safety are substantially the same in_ the 
streamlined train and the single unit car, Mr. Brown contended that 
the single unit car designed by his organization would cost less 
than $7: O per passenger seat as against $2,2 » per passenger seat fot 
the articulated train. The single unit car will operate, he said for Jes 
than cent per seat mile as against at least 1 cent per seat mile 
for the three-car articulated train. 


“Any analysis of types of equipment,’ Mr. Brown concluded, 1 


‘shoul 
be based on what kind of service the railroads must offer to win 
No thorough study of this subject can be made 


without coming to the conclusion that low cost is the most important 


back passengers. 


single factor, with increased frequency of service ranking next. The 
single unit car presents an opportunity to offer passenger service at rat 


25 per cent lower than bus rates and on schedules almost as frequent 
This opportunity is not offered by articulated cars or so-called stream 
lined trains.” 

W. B. Stout pointed out that the 


railroad business has been ham- 
pered in making desired changes in technical design and operating 


] 


methods by political obstacles. The railroads have to consult so man 


vovernment agencies before they can make a change, he said, that b 
the time the politics have been worked out the time to profit by th 


change often has passed 


A. K. Brumbaugh voiced the opinion that railroad executives ver 
definitely are awakening to the possibilities of change and that the 
railroads actually are making much progress despite the barriers men 


tioned by Mr. Stout 


Walter Keves said that all the new streamlined trains start smooth] 


It would be impossible, he said, to cut out a car from the articulated 
trains without tremendous difficult He voiced great admiration for the 
remarkable safety record which the railroads of America have made 

Mr. Guernse aid that his organization, The J. G. Brill Co., had 
built $18. or worth of railcars since first it entered that field of 


manufacture. Referring to Mr. Stout’s comments, he said that he doe 


not think that the engineering aspects of the railroad problem can be 





ct 
cts 


disassociated from the political and economic a 
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Diesel Fuels Session 


Papers at this session: (See page 22, July issue, for 
digests) 

Prospects for Future Diesel Fuels and Their Avail- 
able Supply—Arch L. Foster, National Petroleum Pub- 
lishing Co. 

An Index of Diesel-Fuel Performance—A. E. Becker 
and H. G. M. Fischer, Standard Oil Development Co. 

paper, but A 


a ATIVELY little discussion followed Mr. Foster 


Ludlow Clayden drew attention to the fact that the Fuels and 


Lubricants Activity of the Society is beginning to achieve its objective 
of gaining cooperation in matte! uch as Diesel fuels between the au 
tomotis ind the petroleum industri He said it is clear that the 


petroleum industry will be unable to do for the automotive industry in 
rect to Diesel tue] what it did in re spect to gasoline, namel to in 
i the range of fuel available, 


unsound, as it would first involve the use of fuels that can be 


because this would be economically 
cracked 
into gasoline and hence command a high price and second would tend 
ull ngines of lower compression which are less rather than more 
efhcient 
W. H. Hubner pointed out that distribution costs on Diesel fuels are 
‘ ra 


ound to be high until the volume required is large, as this is alway 
true with petroleum products required in comparatively small quantities 
Much more discussion bore on the paper which was presented b 


Dr. A. E. Becl co-author with H. G. M. Fischer J. R. MacGre 
opened the discussion and described a special setup employed in his 
laboratory in which an engine with a special timing device and a 
pecial Midgley dynamic bomb’ He com 


pared his method with that ot Pope and Murdock, referred to by the 


or 


indicator is used as a 


iuthor ind ud that the | er’s t . hoy \ el 
S, al < nat e latters curve show 1 Satisfactory relation 


between the Diesel index and both his own starting and ignition-lag 


test results There is, however, a considerable difference in the slope 
of the curves which indicates the influence of engine test conditions on 
the results secured Data on 


ducible 


tarting tests are not quite so repro 
probably because of the small spread in ignition lag between 
fuels of widely differing character Mr 


the early adoption of an 


MacGregor warned against 
laboratory test method until adequate corre 
ation with service behavior of a variety of fuels has been obtained. 
lhe influence of two sets of engine conditions has been well demon 


trated by his own and the authors’ data 


Herbert Baxley stated that in the development of any problem, it is 
ilwa beneficial to be able to relate laboratory test data to results 
btained under service conditions. That such correlation is particularly 


important in fuel research has been amply demonstrated in the work 
t the Detonation Sub-Committee otf the Cooperative Fuel Research 
Steering Committee, and it is reasonable to suppose that in the develop 
ment of methods of testing Diesel fuels a close relationship should be 
tablished between engine results and any proposed methods of. test 
Mr. Baxley referred to some full scale Diesel engine tests, using a 
eries of diversified fuels which Sinclair Refining Co. has conducted 
cently and, from the results of these tests, drew certain conclusions 


rarding the suitability of the fuels run 


Ihe engine used was a 600 hp. Krupp, solid injection Diesel, run- 
ning at 360 r.p.m., Mr. Baxley stated. The usual engine data were 
obtained, including indicator cards In the laboratory, Cetene Num- 


»btained by the Pope and Murdock method, using the modi 


hed C.F.R. engine and the regular bench tests for run for each fuel 


The fuels tested, Mr. Baxley continued, included regular No. 2 and 
No. 4 fuel oils, sold commerciall yn th istern seaboard, together 
with several special blends. Four No. 2 fuel oils having Cetene Num 
bers between 52 and 56 were all found satisfactory in the engine Ot 
th No. 4 fuel oils, two were found unsatisfactory and one satis- 
factor A Cetene Number of about 45 seemed to be the dividing line 


\ Pennsylvania neutral oil having a Cetene Number of 60 was emi- 


nentl itistactor' 


Lantern slides were presented by Mr. Baxk 
| 


ummarizing the test 


lata and indicator cards. 


\. Ludlow Clayden expressed the view that Dr. Becker 


re marks 


ire encouraging, especially when the difhculty involved in determining 
the detonation number of a given fuel is considered. If it develops 
that the authors’ methods can be used with satisfactory results, much 
expense in testing can be saved Mr. Clavden expressed the hope that 
wavs can be found to do away with engine tests on gasoline also by 


ome means similar to that suggested for Diesel fuels by the authors 
T. B. Rend 


necessary to work to closer limits than the 


pointed out that, for research purposes it may be 
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in the future. He indicated that we may well profit by the work done 
and suggestions made by the authors, but should not hurry to adopt 
a standard along this line until more experience is gained with the 
methods proposed 

C. H. Schlesman indicated that there are some apparent discrep- 
ancies in the authors’ results which need explanation. It may well 
prove possible to use the Diesel index to good advantage, he said, but 
it is yet too early to put it into the hands of purchasers of Diesel fuel. 

In closing the discussion Dr. Becker pointed out that the Diesel index 
proposed correlates with the critical compression ratio, the spontaneous 
ignition temperature, the iodine number and other indices used to 
measure Diesel fuel performance and practice as regards ignition quality 
{t is reasonable to expect that it will correlate well with field perform 
ance. He said that a committee of the American Society for Testing 
Materials is undertaking to make a tentative classification of Diesel 
fuels which appears to be desirable. 


Streamlining Session 


Papers at this session: (See page 23, July issue, for 
digests) 


Dynamics of the Modern Automobile—G. L. McCain, 
Chrysler Corp. (Published in full, page 248, July 
issue ) 


Streamlining —U p-to-date Facts and Developments 
L. H. Brown, Jaray Streamlining Corp. of America, 
and Herbert Chase, Consulting Engineer. 


ANY speakers who discussed streamlining admitted that present 

knowledge of streamlining, especially as it applies to earth-bound 
vehicles in which ground effect is important, 1s somewhat rudi- 
mentary and that much remains to be learned about it. 

George L. McCain’s paper was the first presented and dealt only in 
part with streamlining, whereas that by Lowell H. Brown and Herbert 
Chase was entirely on streamlining and the discussion was confined 
almost entirely to this subject. 

Chairman Walter T. Fishleigh read parts of a press notice attributed 
to a prominent automobile executive the purport of which was that 
streamlining is of little or no advantage from the standpoint of fuel 
economy and power saving and tended to increase the overall length of 
the car. Both Mr. Fishleigh and Herbert Chase pointed out, however, 
that this is not in accord with the advertising put out by the same 
company and asked which is to be believed. 

Formal discussion was opened by W. B. Stout who contended that it is 
impossible to secure satisfactory quantitative results in wind-tunnel 
tests, especially when models of cars are tested with ground effect 
presumably simulated. It is even difficult to do so in the case of air- 
craft unless and until, as in the case of the Massachusetts Institute of 
Technology, wind tunnel data obtained with models are later checked 
by craft in actual flight, thus establishing over a long period some basis 
for correlation of the two types of test. He indicated that the true 
effects of wind resistance of vehicles or models on the ground are not 
yet known, as no wind-tunnel set-up yet developed is known to simu- 
late actual ground effects in practice. He argued that the form of 
vehicle developed by Jaray has a section similar to that of an airplane 
wing, inferring that it would produce an undesirable lift and would 
interfere with steering. He stated that reduction in noise is an impor- 
tant consideration which can be gained with a streamlined car and that 
the effects especially of side winds upon steering are also important 
and must be given careful study. 

In respect to the improved ventilation claimed for the Jaray form 
of body by opening a portion of the windshield, Mr. Stout indicated 
that there is nothing new in this. He asked why it had been found 
necessary to seal the rear windows on so-called streamlined cars to 
exclude exhaust fumes if the vacuum back of the body had_ been 
eliminated as claimed. Good streamlining, Mr. Stout said, would involve 
making a “clean‘’ under-pan for the car. Though tires should be 
enclosed, they should not be made difficult to get at. Agreement as 
to the desirability of placing the engine at the rear of the car was 
expressed by Mr. Stout, but this, he indicated, is a matter separate 
trom streamlining. Though the advantage of lowered wind resistance 
is conceded, eve appeal, or the need for beauty in appearance, must be 
attained to gain public approval. 

Mr. Stout contended that there really is no such thing as a true 
streamlined body and that the forms developed by Jaray as illustrated 
in the Brown-Chase paper are not necessarily those which will have 
minimum wind resistance when applied to an automobile. 

In responding to Mr. Stout, Lowell H. Brown said that Mr. Stout's 
statements were inaccurate in specific cases and said that, when Mr. 
Stout differed from the authors in the'r belief that the Jaray form of 


vehicle is the most efhcient for the conditions it 1s designed to meet, 
he should not be content with a general statement in this respect but 
should show wherein the form in question 1s lacking and should be pre- 
pared to show a more efficient form with data to prove his contention. 

Mr. Brown emphatically disagreed with Mr. Stout in the latter's state- 
iment that there is no such thing as a streamlined body. Such a body 
was first developed by Jaray in his study of the wind resistance of 
Zeppelins, Mr. Brown contended, and is now well recognized among the 
designers of aircraft. It may be defined as that body which, for a 
given volume, offers the least resistance to passage through the air. 
An ideal streamlined car, said Mr. Brown, will not have this full stream- 
lined form, because of ground effect. It will, however, as the paper 
clearly indicates, have the form of the upper half of such a body. 
Naturally, Mr. Brown explained, practical considerations such as the 
need for using four wheels, and, in the case of a car with engine 
in front, the need for a superstructure back of the engine for enclosing 
the passengers, make it necessary to depart from the ideal form. This 
does not prove, however, that an ideal form does not exist. Actually 
the form does exist and, according to Mr. Brown, was developed by 
Jaray whose tests confirmed his theoretical conclusions. Unless and until 
the validity of these tests and conclusions can be refuted on the basis 
of more definite and advanced data, which have not been furnished, 
ground for questioning them does not exist, in Mr. Brown’s opinion. 

Mr. Brown said further that Mr. Stout should know that when 
an ordinary windshield is opened to give ventilation it does not build 
up a positive pressure in the interior of the body, as with the form 
of opening advocated by Jaray, but produces a negative pressure and 
violent eddies and drafts within the body. The Jaray design does 
produce the desired positive pressure, as the paper indicates and does not 
result in appreciable drafts. In respect to the appearance of the Jaray 
designs, Mr. Brown said that these had been developed strictly from 
an engineering standpoint to gain minimum wind resistance and 
without much thought to eye appeal. He felt, however, that it is 
entirely possible to design artistic vehicles without departing from the 
principles established by Jaray. 

In this regard, Mr. McCain stated that he considered that eye appeal 
had been attained in the Chrysler ‘Airflow’ design as described in his 
paper. 

Louis Schwitzer mentioned difficulties which had been encountered 
in the ease of certain cars being prepared for the recent Indianapolis 
Speedway race, especially as to their stredmlining. He said that the 
fully-streamlined cars found it difficult to keep on the track and 
produced a lift which made them unstable, and difficult to steer and 
to slow down on turns. A long tail did not add stability. He said 
that the low “K” factors reported by Jaray seemed questionable or at 
least had not been attainable in road or track results. In addition, 
he added that the poor flow of air through radiators reported by 
Jaray. results from resistance behind the radiator (insufficient area of 
outlets for air passing through the radiator) rather than from resist- 
ance of the radiator core itself. 

In response to Mr. Schwitzer, Mr. Chase said that a full streamlined 
form on a vehicle operating close to the ground produces lift which 
does tend toward instability. The form advocated by Jaray, as 
described in the paper, is half of a full streamlined form with a 
substantially flat bottom, the shell enclosing the wheels and being so 
shaped that most of the air flows over the top of the vehicle and 
without producing a material lift. Such a form produces only a slight 
lift and does not make a car unstable. 

Past-President Edward P. Warner in his discussion pointed out that 
we are today struggling with the idea that streamlining is a synonym 
for merit. Being a conservative, he said, he is uncertain as to its 
merits as applied to the motor vehicle, but is sure that it is not a 
mere matter of style. He is also uncertain as to whether a streamlined 
car would possess eye appeal, especially as shapes which are considered 
horrible at first sometimes prove acceptable after we become accustomed 
to them. He referred to the rules of harmony and the test of func- 
tionality, as outlined in the paper by Walter Dorwin Teague, and said 
that symmetry, as seen in many boats, does appeal to the eye. Sym- 
metrical bodies are usually designed for use in symmetrical elements 
which are not present in the case of vehicles traveling on the ground. 

Mr. Warner indicated that the fuel saving resulting from stream- 
lining probably would not exceed 15 to 20 per cent, and the public 
is slow to appreciate economy. He is also skeptical as to the actual 
power saving attainable and wonders how much should be sacrificed 
in eye appeal to gain in other respects. He expects wind noise to be 
reduced by streamlining, but said this will result in part upon the 
tvpe of structure employed, as has been shown to be true in wind 
tunnels where such expedients as using propellers with added _ blade 
thickness had proved beneficial. He said that the front of the car 
would prove important from a _ noise-reduction standpoint whereas the 
tail might be vital in respect to minimizing resistance. Bodies which 
are well streamlined are likely to be very sensitive to small irregularities 
at the front. Even a small string around the nose of such a body may 
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produce which 


eddying increases 


materially drag, 
eddying is set up, a shortened tail, which otherwis« 


resistance, may 


such 
would increase the 
have littl or no effect on the total resistance. There 
may, however, be aesthetic grounds for using a long tail. 

In closing the Herbert Chase pointed out that, as the 
paper presented by him and by Mr. Brown stated, it was based largel 
on the work of Paul Jaray who is or has 
expert for the Zeppelin Co. at 
years. He is rightly 
the world in matters 


and, when 


discussion, 


been the aerodynamu 
Friedrichshaffen, Germany, for man 
regarded as one of the authorities of 
pertaining to aerodynamics and _ has 
extended and painstaking study of the streamlining of automobiles both 
from a theoretical, experimental and practical standpoint, probably hav 
ing gone further in this direction than anyone els¢ His work must 
therefore be given duc 


foremost 


made an 


weight and cannot justly be thrust 
discredited by any criticism which is not based upon a more 
knowledge of the subject. 


asic or 


protound 


Several of the speakers, including Mr. Chase, 
subject of streamlining is still in its intancy 
subject is decided] 


frankly admitted that the 
and their knowledge of the 
This led Mr. Stout to inquire how persons 
with so littl knowledge could obtain a patent on streamlining. To 
this Mr. Brown replied that neither he nor Mr 
so. tar as 
interested 


limited. 


Chase were patentees 
concerned, the 


issued to Paul 


streamlining 1s which they ar 


work on_ the 
streamlining of earth-bound vehicles was started some 12 years 

Mr. Chase expressed regret that the 
mpossible to 


patent in 


being one Jaray whose basic 


ago 


lateness of the hour made it 


vive a complete answer to the many points raised in the 


disc ussion 


Diesel Session 


Papers at this session: (See page 23, July issue, for 
digests) 


Effective Combustion as Determined from the Indi- 
cator Diagram—J. C. Slonneger, The Falk Corp. 
(Published in full, page 288, this issue) 


Typical Indicator Diagram Analysis with Respect to 
Effective Combustion—Hans Fischer, Lanova Cor p. 
(Published in full, page 291, this issue) 


A High-Power Spark-Ignition Injection-Engine 
Torbjorn Dillstrom, Hesselman Motor Corp. 


LL three papers presented at this session were discussed simulta- 
neously, the discussion being opened by F. C. Mock, who said that 
all engines require that the fuel be metered, vaporized or cracked to the 
molecular state, diffused in air and then ignited. Several forms of spark- 
ignition fuel-injection engines, he 


predicted, will 
for different services. 


prove advantageous 
This type of engine is characterized by a tendency 
stratification of the fuel, he said. One extreme will have 
turbulence and injection on the intake stroke, to give time for vaporiza- 


tion and mixing; will give 


toward 


more 
carbureter engine: but will have 
It will have a little 


power and perform better than the 
nearly the same detonation limitation 
lower fuel consumption than the carbureter engine 
but a higher consumption than the compression-ignition type. The other 
extreme will have a much higher compression ratio than a carbureter 
engine, detonation being limited by 
with leaner mixtures elsewhere. | 
is likely to be chosen. Our experience, Mr. Mock said, definitely ap- 
proves the detail design of the 
7 of Mr. Dillstrom’s paper. 
Mr. Dillstrom emphasized the 


localizing the fuel around the plug 


4 compromise between the two types 
newer form of engine shown in Fig. 
point that the Hesselman engine was 
kinds of oils, regardless of their thermal 
stability, hence the injection at the end of the compression stroke. If 
gasoline is used, the best way to mix it with the air is to inject it into 


the manifold. Fue! oil has to be injected into the cylinder, the com 


bustion chamber being so formed as to keep it from striking the cylinder 
walls. 


H. K. a short discussion by Charles F. Marvin, Jr., 
in which the latter commended the indicator diagram analysis as out- 
lined by Messrs. Slonneger and Fischer, but said that a similar and more 
accurate method had been developed at the Bureau of Standards and 
published in a report from which he quoted. He said that the slope 
of the expansion line may or may not be the same as that of the 
motoring diagram, as assumed in the Slonneger method. Much lower 
expansion exponents were consistently obtained in a series of diagrams 
from an aircraft engine. 
be, presumably, at least 
the compression 


developed to care for all 


Cummings read 


Expansion lines on motoring diagrams would 
as steep and probably 
lines on the 
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steeper than those for 


power diagram. The source of error 


JOURNAL 


r 


mentioned doubtless accounts in part for the apparently prolonged aft 


burning indicated in Mr. Fischer's Fig. 5, Mr. Marvin stated. 

Dr. Alfred T. Gregory presented a written discussion of the Slon 
neger paper in which he commended the latter's method but pointed 
out that no two polytropics are parallel to each other in the Slonneger 


diagram so that his method of determining the end point of combustion 


is incorrect Dr. Gregory then described a method which he _ had 
leveloped for analyzing indicator diagrams which, he said, 1s satisfac 
tory and simpler than that proposed by Mr. Slonneget 


Prot. L. C. Lichty said in his discussion that both methods of analysis 
le 


escribed in the papers are interesting but depend on _ the 
quantities of enerey are 


tropic to th 


assumption 
that equal required in passing trom one poly 

path. No proof is given tor this 
ot the assumption may be questioned since 
properties of a substance that are a 
ire independent of the path of the process 


tions to show the great, Prot 


Licht a simple and_ practical 
ne in studying the rate or effect of various changes on the rate of burn 


other, regardless of the 
relationship and the accuracy 


n thos function ot the stat 


After presenting 
which is not \ 


calcula 
extent of the error, 
concluded that the method appears to be 
ing of tuels in an engine 

In a short written discussion, Prot. P. H 
that Mr 


Schwitzer said that it 1 


untortunat Slonneger presents his diagrams admittedly without 


their accurac though under 


proot o 


t certain ideal conditions the error 
would be 5 to 15 per cent and under 
Prot. Schwitz 


practical conditions rather less 


hesitates to accept these 


statements without supporting 
vidence, especially as certain of the author’s assumptions do not check 
with his (Prof. Schwitzer’s) experience 
Harte Cooke called attention to the fact that the methods under di 
ussion are both based on indicator diagrams which themselves ma 
be in error and have always involved certain practical difhculties that are 
hard to overcome Nevertheless, he said the methods outlined are 
interesting, since the more wavs we have of finding out what actual] 
happens in the engine cylinder, the quicker we shall be able to get 
things as the should be 


Arthur Pope said he was glad that Mr. Slonneger 


paper had prompted 
Prot. Lichty and others to analyze the 
tandpoint. Whether mathematically 


method from a mathematical 


correct or not, however, the method 


had interested him, he said, from a comparative standpoint as it enabled 
him to determine how certain changes in one set of equipment effected 
hanges in engine performance 

R. E. Berg asked whether any one could give information concerning 


the use of crystals in engine cylinders as a means of measuring pressure 


variations, or of pressure measurement by electrical resistance. In repl 


Mr. Stansfield said that he had tried to secure 
ipparatus and had found that the 


information about such 


whole apparatus could not be sup 
plied in Germany, the user having to make expensive 
the particular application. The 


research work and 


additions to suit 
instrument developed is purely for 
apparently 1s not suited for use in a commercial 
laboratory. As to indicators of other types, Mr. Stansheld said that he 
had found only one that he felt like than once, namely the 
Farnboro, with which, he said, it has been found possible “to 
minus one-quarter degree at 1000 r.p.m.” He 


optical indicators 

In closing the Fischer, 
paper as well as his own, said that he 
not theoretically correct, but that he personally had investigated hun 
dreds of cards and had found that the errors are 
The measure Is very 
plant, be 
results, 


using more 


get down 
to plus or added _ that 
are still in need of development 


discussion, Mr who presented the Slonneger 


knows the methods outlined are 


within practical limits 
laboratory or for the 
used 


practical for the 
added, and said, “I have 


industrial 
many indicators with good 
though it requires care and it is quite a job to hook them up 
Connections between the combustion chamber and the indicator must 
not be too long.” Some, he stated, use rotary drums driven by constant 
speed A. C. motors, with good results. 

Mr. Fischer said he believed that Diesel engineers had “gone 


track” in the use of solid injection. The 


off the 
rapid pressure rise obtained 
at the beginning of the power stroke gives a hammer blow on the piston, 
but more than 60 per cent of the fuel is burned with decreasing 
“As I have seen in garages myself and have heard from others, 
the high pressures occurring in solid injection 
troubles.” 


pressure. 


, 
engines result in bearing 


Correction 
In reporting a part of the discussion of this session on page 


16 of the 
July issue of the 


S.A.E. JouRNAL, it was indicated that Mr. Fischer had 
stated that there is some tendency towards a return to the air injection 
type in Europe. This report was incorrect. The statement should have 
read: “He also said that there is some tendency towards a return to the 
combustion performance of the air injection type 


in Europe as it tends 
to reduce maximum pressure and thereby 


reduce bearing difficulties”’. 
Mr. Fischer definitely believes that the air injection type is obsolete and 
will not come back, especially in the automotive field. 
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Body Design Session 


Paper at this session: (See page 24, July issue, for 
digest ) 


The Basie Principles of Body Design—Walter 
Dorwin Teague. 


N the design of automobile body parts, more than general considera- 

tion of function must be taken into account, it was suggested in 
discussion. In the case of fender design, one discusser said, engineers 
must provide not only a guard to protect the body from mud, gravel 
and water, but must also allow for ample room to change tres, 
several inches for spring movement and in addition, a couple of 
inches for tire-chain clearance. 


In reply Mr. Teague said that such accessory items as tire chains 
would obviously have to be taken into account in car design, but that 
if they interfered with other requirements for good body design, the 
industry would eventually develop something to take their _ place 
which would not interfere. 


On the subject of eve-appeal, Walter Fishleigh disagreed with Mr. 
Teague by doubting that functionalism, if applied to automobile bodies, 
would produce an obviously beautiful result. 


“It is easy to talk about eye-appeal in a general fashion,” Mr. 
Fishleigh stated, “but we forget sometimes that different people have 
different views. What might appeal to one person, might 


extremely unattractive to others.’ 


easily be 


To this Mr. Teague replied that one trouble with appearance of 
automobiles up to the present, was that they were all obviously compro- 
mises between functionalism and other factors. Compromises, he pointed 
out, would obviously be liked by people who believed that specific com- 
promises were desirable, and disliked by others who did not subscribe 
to the same point of view. 

Another speaker questioned the effect of texture of materials on the 


streamlining of automobiles. He recalled an experiment conducted by 


the Pittsburgh Plate Glass Co. in which two panes of glass—one smooth, 


a building. The 
smooth one collected more dust than the one with a rough surface. He 
pointed out also that most speedy land or air animals were provided 
with either fur or feathers. 


the other sand-blasted—were exposed on the roof of 


Mr. Teague was of the opinion that texture had littl to do with 
streamlining, but that as a general rule smooth surfaces were desirable. 

W. B. Stout amplified this point by saying that in some cases texture 
and type of material were important. For instance, Mr. Stout said, if 
the underside of an automobile were to be streamlined the underpan 
probably should be made of some relatively “‘soft-texture’’ flexible mate- 
rial, to reduce impact noise of stones and gravel on the underpan and to 
prevent drumming 

Referring to the remarks of Messrs. Teague and Fishleigh on the 
eye-appeal of an automobile designed from purely functional considera- 
tions, E. P. Warner pointed out that the tendency of evolution is toward 
the elimination of human judgment. So far as automobiles are con- 
cerned, he said, about the only element of human judgment left is 
that of eye-appeal. The artistic judgment of different people is largely 
influenced by the mental attitude of differing individuals on the question 
of “change.” In other words, he said, the initial judgment of 
individual is largely predetermined by the amount of innate 
tism in his attitude toward new things. 


an 
conserva- 


Mr. Teague replied that what was needed was _ the 


creation of a 
standard of judgment as to appearance values of 


automobile design. 
He pointed out that people do not desire something because they 
think it is beautiful, but they believe it is beautiful because they desire 
it. In conclusion, he emphasized that automobiles have no single pre- 
determined functionalism, and that only after all the various influencing 
factors have been taken into account can the final form 


of a body 
design be evolved. 


Passenger Car Fuels and Lubricants 
Session 


Papers at this session: (See page 24, July issue, for 
digests )— 


Winter Oils for Automobile Engines—W. H. Graves, 
Packard Motor Car Co.: H. C. Mougey, General Motors 


Corp.; E. W. Upham, Chrysler Corp. (Published in 
full, page 238, July issue) 


Fuel Characteristics and Vapor Lock—O. C. Bridge- 
man, Bureau of Standards. 


W. McKINLEY expressed agreement with Mr. Bridgeman’s defini- 

tion of vapor lock but said that other troubles not caused by vapor 
lock are often ascribed to it. One of these is the boiling of fuel in 
the carbureter, especially the down-draft type, when a hot engine is 
stopped, with the result that there is no fuel in the carbureter on which 
to start. When asked by Capt. W. C. Thee if the loss in speed when 
driving cannot be charged to failure of the spark-plugs in some instances, 
Mr. McKinley admitted that it might be and added that plugs have 
to be suited to the class of driving as well as to the engine, and that 


the range of one set of plugs may not be such as to care for all condi- 
tions. 


Other discussion in this session was confined to the paper by W. H. 
Graves, H. C. Mougey and E. W. Upham, which was presented by 
Mr. Mougey. R. FE. Wilkin read a discussion prepared by D. P. Barnard 
in which the latter stated among other things that despite the unques- 
tioned importance of satisfactory starting and operation in cold weather, 
the matter of oil consumption is equally important in the eyes of the 
public, this latter element having been overstressed to the public. 


“It we consider that it is quite improbable that the indicated horse- 
power of an engine will be altered appreciably by oil viscosity changes,” 
Mr. Barnard brought out, “it at once becomes obvious that the 3 
per cent increase in fuel consumption which was observed could have 
resulted only from a corresponding decrease in brake horsepower output. 

“When we consider,” he continued, “some of the expedients which 
are resorted to in order to obtain rather small increases in engine out- 


put, it would seem that such a decrease should not be accepted unless 
absolutely necessary.” 


Avoidance of excess viscosity, at low temperatures in particular, should 
justify any reasonable expenditure, Mr. Barnard stated, adding: ‘“‘and 
when it appears so certain that within fairly reasonable limits the advan- 
tages of increased reliability of operation which can be realized by the 
use of low viscosity oils actually cost little or nothing in the long run, 
it would seem that the possible criticism of the use of such oils on the 
basis of consumption should not be a particularly serious one.” 


W. S. James expressed gratification over the increased use of light 
oils during the past winter, which, he said, is probably due to the 
activity of the S.A.E. in advocating 10-W and 20-W grades. He 
mentioned the successful use of light oils in racing-car engines, although 
racing drivers are invariably disposed to use very heavy grades, which 
is typical of the public viewpoint. He said he hoped the move toward 
lighter oils will not swing too far the other way but thought this 
unlikely if the S.A.E. group continues to control the situation. Although 
car owners are asked to drain oil at 500-mile intervals, he said, the 
average is more nearly 2500 miles. Owners are often irritated when 
service-station attendants lift the hood to check the oil. If filling were 
done from the back of the car where the gas tank is filled, the owner 
might be less bothered. Oil draining is too often overlooked. 


Dr. P. K. Frolich presented a written discussion in which he said 
that it is hard to understand why there has been so long a delay in 
adopting low-viscosity oils to aid starting at low temperatures. Evidence 
that such oils give adequate lubrication based on tests made on the 
Dayton Power & Light Company's bus fleet is most convincing. He 
mentioned tests made by Dr. Everett of Penn State University and 
said the results secured raise the question as to how low it is safe to go 
in viscosity and still obtain satisfactory lubrication. Tests in the Stand- 
ard Oil Development Company laboratories, Dr. Frolich stated, have 
shown that ease of starting and oil consumption are tied together and 
depend on viscosity-temperature characteristics of the oil. A chart plot- 
ted using some of these data shows that the V.I. (viscosity index) of the 
oil has a profound influence on the rate of consumption. Of two oils 
which have 50 V.I. and 120 V.I. respectively, and identical viscosity at 
o deg. fahr. and which, therefore, give equal ease of starting, the one 
with the lower V.I. would be consumed at the rate of 2.75 qt. per 
thousand miles, whereas the consumption of the higher VI. oil would 
be only 1.65 qt. per thousand miles, when operating at 50 m.p.h. The 
point to be emphasized is that high oil consumption is not just so much 
money thrown away. A high rate of consumption indicates risk of 
complete lubrication failure (especially through rapid and unexpected 
exhaustion of oil at high speed), greater wear and more sludging. 

J. R. MacGregor read a discussion submitted by G. L. Neely in 
which the latter expressed general agreement with the authors and added 
that light-bodied oils result in much cleaner engines, both as to crank- 
case and combustion chamber deposits. The false economy of heavy oils 
has never been brought home to the public, he said. The motor-car 
industry should uniformly recommend light oils and a blanket recom- 
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mendation for using S.A.E. 20 oil as the heaviest for al 


ll cars, at least 
for the first 10,000 to 15,000 miles of their life, would be helpful. 


Any move which leads, however, to specifications whereby a large 
group of oils might become obsolete, as Mr. Mougey has predicted, he 
added, is not acceptable, particularly where such oils are especially suited 
for motor lubrication and are widely accepted by the public. 

“We feel’, he continued, “that no petroleum manufacturer would 
be willing to render obsolete oils falling in Section B of Chart 2. By the 
same reasqning, why manufacturing oils of 
indices less than 100 agree to render obsolete oils falling in Section A 
of Chart 1? .. . If the purpose of the 10-W and 20-W 
guarantee to the motorist that he can start his car at 15 dey. fahr. 

it should likewise be the purpose of a satisfactory designation to 
guarantee that the oil would circulate after the 


should any one viscosity 


grades is to 


~ngine has started 
present S.A.E. 10 and 2 


if any revision whatever is necessary in the 


classifications the revisions should not render any oil obsolete, should 


not permit of overlapping classifications, should take account of pump 
ability in winter oils, should prove acceptable to the motor car industry, 
and to manufacturers and marketers of oils of both low and high vis 
cosity indices, and should alter present classifications as little as 


in attaining above requirements.” 
G. A. Round said that the authors had made a “first-class case fot 
the prosecuting attorney”. While holding low-temperature viscosity, 


he said, we have had to raise the high-temperature qualities of winter! 
grades to satisfy 


11 
possibd € 


the public in respect to oil consumption. The starting 
greatly improved, however, and the car 
manufacturers owe the oil companies something in this regard. Oil pro- 
ducers are faced with stringent regulations on oil 


characteristics of cars can be 


viscosity in some 
states, and believe that some better system of classification can be worked 
out. S.A.E. classifications must be given a thorough overhauling within 
the next year or two, in Mr. Round’s opinion, and should not be tinkered 
with in the meantime. 10-W and 20-W will satisfy 1 


commercial de 
mands and will not upset the situation pending a complete revision 


“IT am opposed to any time being,” Mr 
Round concluded 


Dr. A. E. Becker stated that too much emphasis has been placed on 
oil consumption. As the authors pointed out, Dr. Becker said, increased 


oil consumption is offset by fuel 


change in classification for the 


There is an additional 
advantage of increased power and increased acceleration, and emphasis 
on this would benefit the oil producers. 
made more difficult from year to 


economy. 


Starting problems have been 
year by using more cylinders, by using 
smaller ring clearances and by cutting the size of starter and batter 
As oils are improved by increasing the V.I., the designer may be tempted 
to continue this procedure. Oil men are doing their part by improving 
At least one 10-W oil now sold is right on the border line 
between S.A.E. 20 and 30. This, Dr. Becker concluded, is the direction 
in which the development of lubricants should proceed to help solve 
present problems. 


tT. & agreed with the desirability of 
using light oil even though need for more frequent replenishment re- 
sulted. It is lamentable however, he added, that some car makers take 
advantage of progress made by the oil people to reduce the size of start 
ing equipment. 


oil viscosity. 


Smith said that he thoroughly) 


J. P. Stewart expressed the view that starting conditions can and in 
some cases have been improved by changes in manifolds which permit 
of starting even at 30 deg. fahr. Mr. Mougey expressed agreement 


in this respect, saying that manifolds can be improved greatly. 

W. S. James took exception to statements indicating that car makers 
have reduced the size of starting equipment, saying that he doubted this 
to be true. There have, however, been increased drains on batteries 
brought about by the use of radios and other added electrical equipment. 
“Car manufacturers,” he said, “have plenty of instances where battery 
capacity and generator capacity, which is 


be increased.” 


more important, have had to 


A. R. Lange asked whether the authors had done any work relating 


to corrosion and erosion of the upper and lower parts of the cylinder and 
on factors affecting the cost of ring replacement. To this Mr. Mouge 
replied that they had found that wear comes either from corrosion dur 


ing ordinary operation of the engine or from abrasion. Tests are made, 
however, on the proving grounds where cars run almost continuously. 
This results in much less wear per mile of use than with the owner in 
normal service. Hence proving-ground tests do not answer some ques- 


tions that arise in normal use. 


In response to Mr. James’ remarks, Mr. Smith said that the cars which 
those in his company had trouble in starting last winter had no more 
electrical equipment than similar cars built years ago 


are harder to start, partly because they 


Engines, however, 
have more cylinders. In respect 
to heavy oils, he said that one reason that the public uses them is that 
their use results in less noise. 

Mr. McKinley gave it as his impression that the light oil changes 
more chemically in service. It mav run at a lower temperature, which 
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would help reduce oxidation, but at the same pressure wi irculate 
more rapidly, thus tending to increase 


impression that the 


oxidation He said he is also 
under the though this is 
expressed, and said he would like to hear 
from others in this regard. Mr. Mouge said he did not 
answer, but that Messrs. Huff and Barnard are studying the 
of stability and might reply. Mr. Huff said the matter is under con 
sideration but as yet no answer is at hand and no tests for me 
stability have 


| | 1 
ous sludge less, 


lighter 
ypposed to opinions generally 
know the 


question 


asuring 
been developed. 

Neil MacCoull asked Ralph Teetor to give his impressions concerning 
ight oils and Mr. Teetor replied that there are a 
which affect the problem, 


] 


great man\ 


things 
though he is in favor of the lightest oil possi 
I] their test there is no difficulty in 
engines with light oils, and no difficulty in sealing the com 
pression with such oils, the sealing effect of 1: 


for 40 Lubrication seems to be 


ble, especia show that 


fubricating 


being equivalent to that 
equally good, he 


added, even with 
the engine run hard. Oil temperature 


under operating conditions is of 
Much can be 
temperature under heavy duty that will 
flatten out the curs 


ereat importance, however. accomplished by reducing oil 


affect performance and tend to 
between oil viscosity under high operating condi 
What we need, Mr. Teetor 
er range between the maximum and minimum craak 
case temperatures, and this probably can be 
sufficient knowledge, he 


tions and under cold starting conditions. 


1" 
believes, 18 a smal 


realized There is now 
said, to develop engines which, with light oils, 
will show as much as four times the economy at high driving speeds 
as is shown with heavier oils at the present time. 


This is easily possibl 
without any s 


ious changes in engines, Mr. Teetor said, hence he thinks, 


we are on the verge o 


a material change in the lubricating picture of 


f 
f 
high-speed engines This will come 


about by the combination of a 


number of small things, one of the most important being the reductior 


in maximum oil temperature under high-duty 


service 


Bearings and Lubrication Session 


Papers at this session: (See page 24, July issue, for 
digests) 


Recent Developments in Main and Connecting Rod 
Bearings—Stanwood W. Sparrow, The Studebaker 
Corp. (Published in full, page 229, July issue.) 


Lubrication of Engines with Different Bearing 
Metals, with Special Reference to Copper Lead Alloys 
C. M. Larson, Sinclair Refining Co. 


ISCUSSION at this session 
stances. 


R. G. N. Evans read a written discussion in which he expressed the 
belief that the copper-lead mixture referred to by the authors or plastic 
t 


bronzes will be the future bearing metal. He added a point-by-point 
which included several charts. 


discussion of Mr 


applied to both papers in some in 


Sparrow's paper, 


points he made was one that the 


Among the 
lescribed by Mr. Sparrow does exist in mixtures of copper and _ lead 
with lubricants containing fats or acids 


The us¢ ot 


“washing away” 


( 


copper-lead bearings is 
bidden, he said, if they are 
placed 


restricted, if not entirely for- 
vulnerable to the action of some oils 
yn the market for consumers’ us« 
he continued, to lodge a 


pounded oil, 


It might be well at this time, 
against the use of “so-called com- 
which leaves the engine ruined during the break-in period”. 
most engines are built today, an S.A.E. 20 oil will allow 
periods of 60 m.p.h. without harmful effects. Why use a destructive 
break-in oil?”, he concluded. 

Referring especially to the Sparrow paper, F. F. Kishline 
tests he had made indicated that bearing life 
oil temperatur He 


protest 


The wat 


stated that 
depends very much upon 
asked whether Mr. Sparrow did not think that 


bearing life could be increased br 


water cooling the without 


which he had 
bearing life Mr 
in this direction, especialls 


bearings, 


going to a more expensive bearing. Certain experience 
gained had indicated that a cooler oil did 


Sparrow 


increase 
replied that much might be done 
with main bearings. 


] B Fishe r reported the successful use of copper lead bearings tor 


three vears without any complaints of failure. He said he was inter- 
ested in the Mr. Sparrow. Tin, he 


bearing tends better to distribute the lead and 
Recently he 


Brinell about 25, or the 


hardness of the bearings used by 
ded, if used in a 


adds to hardness. has secured copper-lead bearings that 


same as babbitt, and hopes that these will 


stand up better and result in less wear 


than bearings with tin. He 


ulate 


also 


hear 
the 
suion 
con- 


iring 
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lings 
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mentioned tests with bearings so grooved as to carry oil clear around the 


bearing and said that this makes a great difference in life and in quiet- 
ness. Much remains to be done in getting oil 


into connecting-rod 
bearings in the desired quantities, he added. 


Dr. H. C. Dickinson commended the papers of both authors as 
having covered a field heretofore neglected. He said that much might 
be done with profit in analyzing the factors, such as thermal con- 
ductivity of bearing metals, which have an effect on temperature 
rise. He said that the Bureau of Standards is equipped to make tests 
on conductivity and that these might be used to advantage in respect 
to bearing metals. 

A. L. Clayden said there is a disposition among engineers, when an 
engineering development falls down, to ask the oil industry to over- 
come the difficulty. Today the oil industry is being asked to make 
the copper-lead bearing possible. Nobody can tell us what must be 
done to oils to make these bearings possible, hence we have a tough 
assignment. We do not expect serious difficulty in lubricating this 
type of bearing, as alloys will improve and their sensitivity to oil will 
become less. If, however, rubbing speeds are greatly increased by 
the use of these bearings, the life of the oil will be considerably 
shortened, for the chemical stability of petroleum products decreases 
rapidly at temperatures above 250 deg. fahr. It seems possible, how- 
ever, to make oils which will run at 350 deg. fahr. without sludging. 
But if bearings are to be run at these temperatures, attention must be 
viven to temperatures produced elsewhere in the system. 

Ralph Teetor declared that he could not acquiesce to the inference 
made in Mr. Larson’s paper that piston rings are entirely satisfactory. 
He said that he regards the performance of the average ring as quite 
unsatisfactory. We are not, he said, at all satisfied with the present 
ring performance. ‘Tests indicate that oil consumption is about four 
times as high as it should be at high speeds. Oil consumption will 
continue to be unsatisfactory until cars will run 2500 miles per gal. 
of oil at 55 m.p.h. 

P. K. Frolich, speaking on behalf of the Standard Oil Development Co. 
said that they regard the problems mentioned in the paper very 
seriously. Both automotive and oi] industries are twying to improve 
their products, the former turning to copper-lead bearings to avoid 
cracking and the troubles of high-temperature operation, and the latter 
striving to make better oils. In Europe, highly-compounded oils, con- 
taining 10 to 15 per cent of phenyl are gaining ground as airplane 
lubricants. As to the light 10-W and 20-W oils mentioned by Mr. 
Larson, we are uncertain whether such oils may possess different oxida- 
tion characteristics or may lead to the formation of products harmful 
to the bearings in question. In making changes and trying to improve 
oils, we do not know how the oxidation characteristics will be affected. 
Compounded oils are becoming more common and are of two divergent 
tvpes. The automotive industry is trving to get away from white 
metal bearings. We think the only way the situation can be met 1s by 
fullest cooperation. [| suggest, he added, that a small committee take 
up the problem, try to coordinate the work and try to bring the two 
industries together. 

\. L. Beall seconded this suggestion, especially because he said that 
he is convinced that the subject of compounded oils cannot be dis- 
missed lightly. There is, he added, definite evidence that such oils 
can reduce wear materially. 

Referring to illustrations of bearing failure presented by Mr. Sparrow, 
Austin M. Wolf said that there appears to be a critical point about 40 
deg. from the bearing center where failures occur. He asked if this 
was the point of maximum loading in a polar diagram and inquired 
whether a connecting rod with the bearing split at 45 deg. would 
prove beneficial. 

Mr. Sparrow replied that little change in the location of the failure 
has been observed. It is possible, though not probable, that changes in 
the rigidity of the rod may be responsible. He recalled, he said, work- 
ing with one engine having a rod split at 45 deg. and there was a 
tendency to crack near the split or at about the same angular position 
is the failure in conventional rods. It is conceivable, however, that a rod 
split 90 deg. from the point of the failure might alter the situation, but 
no data in this regard have been secured. 

In answer especially to Messrs. Evans and Fisher, Mr. Sparrow said 
that he had found no appreciable difference as between thin and thick 
steel-back bearings or thick-back bronze bearings. In the engine he 
worked with, differences might have been quite marked in cases where 
bearing life is dependent directly on heat transfer. It was found, how- 
ever, by cutting a channel in the back of the bearing so that the area 
available for heat transfer was reduced more than half, that the effect 
on bearing life was negligible. References to longer main_ bearing 
grooves were not made, Mr. Sparrow added, with the idea that this is 
necessarily the most desirable method for increasing feed to the crank 
line. It merely illustrates one method of obtaining a radical difference in 
the flow of oil to the connecting rods. As to grooving the case and 
the bearing cap and obtaining additional feed by drilling the bearing 
liners, Mr. Sparrow was inclined to think that this would be much 


more successful with slow-speed engines than with those turning at 
4000 r.p.m. or higher, because there appears to be a_ considerable 
inertia effect on the oil stream and the feed through individual bear- 
ings is small at high speeds. 

The session was closed with a brief informal report on an enlarged 
type of extreme-pressure lubricating machine, recently developed at the 
Bureau ot Standards, and a demonstration of the machine in opera- 
tion as shown by motion pictures. Bids are to be secured on the con- 
struction of as many of these machines as may be required by com- 
mittee members willing to cooperate in a definite testing program. 


Engine Session 


Papers at this session: (See page 25, July issue, for 
digests )— 


Engine Types Adapted to Automobile Design Trends 
—Lewis P. Kalb, Continental Motors Corp. 


Possibilities of Forced Induction in Automotive 
Vehicles—Louis Schwitzer, Schwitzer-Cummins Co. 


WRITTEN discussion by Dr. S. A. Moss, read in his absence by 
L. P. Kalb, opened the comments on Louis Schwitzer’s paper. 

In his discussion, Dr. Moss referred to Mr. Schwitzer’s mention of 
limitation of manifold pressures to 342 to 4 lb. above atmosphere and 
asked the reason for this limitation, stating that ground-boosted aviation 
engines are using much higher manifold pressures. 

He also referred to Mr. Schwitzer’s statement that a well-designed 
blower has about 50 per cent efficiency as a pump. 

“Exception must be taken to this statement,” Dr. Moss said, adding: 
“Commercial centrifugal compressors with design based on adequate 
research and mathematical theory have attained efficiencies as high as 
53 per cent and centrifugal superchargers for aviation engines based on 
the same theory, but with limitations due to conditions of installation, 
usually have an efficiency of about 70 per cent.” 

Dr. Moss emphasized the need for obtaining the highest possible 
efhciency for a supercharger, concluding his discussion with the state- 
ment that: “Many years of experience with the supercharging of aviation 
engines show that efficiency of the supercharger is a major item and 
there is no reason to suppose that the situation will be any different 
with automobile engines.” 

In response to this Mr. Schwitzer said that the design of a super- 
charger naturally depends on the application, including the conditions 
to be met. For passenger-car engines a pressure of 34 to 4 Ib. per 
sq. in. maximum has proved to be high enough, hence there is no point 
in going higher. Mr. Schwitzer seemed to regard the question of 
efhciency as being of secondary importance and was inclined to question 
whether the efficiencies mentioned by Dr. Moss could be attained in a 
variable-speed automobile engine. 

F. F. Kishline said that the literature on superchargers contains 
little of practical value as to their application to engines. He agreed 
with Mr. Schwitzer that high efficiency in the supercharger itself is of 
minor importance and mentioned tests in which it appeared that the 
turbulence and agitation of the mixture, which use of the super- 
charger involves, have a beneficial effect on power output. 

F. C. Mock read a discussion by David Gregg, interspersing parts of 
this with remarks of his own in which he said that most experiments 
with supercharging relate to discharging into a chamber under constant 
pressure and do not apply to discharge into a manifold in which the 
pressure is constantly changing. In tests with superchargers which he 
has conducted, no trouble from detonation has been experienced but 
it has been found that an automobile engine will stand more super- 
charging than do aircraft engines. He expressed the view that stream- 
lining a car does not permit use of a smaller engine because power is 
required in any case for acceleration. Use of a supercharger has not 
much effect at low speed. He said he was not enthusiastic about the 
use of belt drive advocated by Mr. Schwitzer in adapting superchargers 
to existing engines. He added that the performance of superchargers 
on racing cars should not be considered a criterion of their performance 
on ordinary passenger cars. He expressed the view that although plain 
bearings have stood up under the high speeds required in superchargers, 
ball bearings when properly lubricated are safer and to be preferred. 

Lowell H. Brown took issue with the author’s statement that stream 
lining is not important at low speed. He cited tests made on two 
similar chassis in 1928, one fitted with a streamlined body and the 
other with a standard sedan of that year. Although the streamlined 
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car had an experimental body weighing 300 |b. more than the other 
car, it consumed 30 per cent less fuel at 40 m.p.h., which is now con 
sidered a comparatively low cruising speed. This confirms wind-tunnel 
tests and shows that economy is gained by streamlining at low speeds. 
As to the coefficient “K" cited by the author, Mr. Brown said that the 
lowest value obtained by Jaray in his wind-tunnel tests was 0.00025, 
using an “ideal” form. With well-streamlined models of cars with 
wheels, values of 0.0005 to 0.001 were secured. It was possible to get 
below 0.001 but the figure 0.0022 used by the author 1s very high, 


according to Jaray’s test, even for a car not streamlined at all 


Another discusser indicated that the speed at which a supercharge: 
runs must be taken into consideration when efficiency is considered, as 
the efhciency varies with the speed. He also questioned whether it 
expedient to stop supercharging at 4 |b. per sq. in. but said that experi 
ments with 8 and 12 lb. per sq. in. which he had tried, are ioo 
high. Naturally, more air will be forced in by the supercharger in the 
case of a free-breathing engine, as compared to one not so jree 
breathing. 

Austin M. Wolf suggested that the supercharger might find some 
application in trucks, especially as the one applied to the Graham car 
had, in his view, proved a pleasant surprise. In view of the larg 
frontal area of trucks, which gives rise to high wind resistance he 
latter is important, hence, Mr. Wolf said, it would not be surprising 
to see the open truck body, go out of use, =specially for high speed 
service, as it has been shown that open bodies offer more wind resist 
ance than closed bodies, especially when the latter are streamlined. He 
questioned Mr. Schwitzer about the planetary reduction gear which the 
author had described, especially as to fits and temperature otf operation 
In respect to supercharger efhciency, Mr. Wolf suggested that the 
diffuser (or bladed stator), which its advocated by S$ \. Moss, ma 
have an effect and asked whether this 1s applicable to automobile engines 

Joseph A. Anglada stated that tests with engines using Swan mani 
folds had shown marked variations in temperature within the manifold 
whereas when a supercharger was added, the temperature did not var 
presumably indicating greater uniformity in the charge 

In -regard to the planetary roller drive, Mr. Schwitzer indicated 
that the combined diameters of the sun and planet rollers, as assembled 
larger than that of the ring into which 
they fit, hence the hollow planet rolls or rings are somewhat distorted 
when forced within the ring. Oil is injected in metered amounts nea! 


are about 0.003 in. to 0.004 1n 


the center of the assembly and works outward. This gives excellent 
lubrication and the units stand up well. The accelerating forces are 
never such as to exceed the maximum allowable stress. Spacers 
between planet rolls are so sized that the rolls have several thousandths 
of an inch clearance between the space segments. Plane bearings 
Mr. Schwitzer indicated, had stood up well even for speeds as high 


77,000 r.p.m., lubrication being comparatively simple, and easier 
than with ball bearings. If the latter are used, balls must be kept out 


as 


of the oil path, as otherwise overheating and other troubles result 
Plain bearings give best results when the shaft is hardened and ground 
In respect to streamlining, Mr. Schwitzer said that the gain is of 
less importance at low speed. One of the chief advantages is that it 
is possible to use a smaller engine and still get a high top speed 
George L. McCain stated that greater efforts should be made to «de 
crease power losses between the engine and rear wheels 


In discussing the Kalb paper, Robert Insley pointed out that radial 
engines have proved of great advantage in aircraft not onl; «” 
cause of their light weight per horsepower, but also because they 
lend themselves to ready air cooling, which latter would be problemati 
cal in an automobile. He questioned also, whether, when all the required 
accessories are considered, there will be a material saving in length 
In addition, there is an inherent vibration in the connecting rod assembly 
which cannot be avoided. Radial engines do lend themselves to pro 
duction on all-purpose machines. Although the handling cost of parts 
may be high, the net cost may be lower than for other types. If 
installed in a car, the radial engine would be inaccessible and difficult 
to service unless arranged on a slide or some equivalent which would 
facilitate access to accessories and other parts 

Herbert Chase pointed out that, since radical changes in the type 
of engine best suited for the future car with rear engine mounting 
seem to be indicated, it might be well to consider at the same time 
a change in cycle, especially to the two-stroke type. He said that 
so much has been done even to realize comparatively small gains 
with four-stroke engines that the possibilities in this direction seem to 
be much less attractive than they appear to be by adoption of th 
two-stroke cycle principle. The latter, of course, offers the possibilit 
of major gains in power output from a given size of engine, especiall 
as blowers for charging and scavenging are now available. The tw 
stroke engine, which is now being given serious consideration in 
aircraft applications, probably will prove to be lighter and more compact 
for a given power than any four-stroke type, in which event, this may 
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be the ttme to make the most of the inherent advantages of the two 
stroke principle. If this is done, it may well prove possible to devot 
a larger proportion of the car to useful load, at the same time making 
the vehicle lighter and less expensive to build 

Mr. Chase commended Mr. Kalb tor his open-minded and _ progressiy 


views in reference to tuture engines that seem better adapted to pas 


nyger-car installations than present designs which occupy so large a 
roportion of the chassis length. He said it is the first time he can 
call that the chief engineer of a large manutacturer of conventional 
ngines has seen fit to express in a paper of this kind long-range views 
which recognize that a basic change is at hand in chassis arrangement 
nd general car design and that the engine of the future must be 
rranged to take up less space and at the same time give more roo 
for passengers and other “usetul load 

Edwin S. Hall, whose work on the barrel-type engine was commended 


by Mr. Kalb in his paper, stated that this form of engine may be well 
uited for use in some future rear-engine car. He pointed out that :n 


uch engines friction losses can be low: if the design is right, and good 
lubrication may be simply achieved and the mechanical efhiciency high 
Poppet valves, however, have no place in this type, as he sees it. Possibl 
ulvantages, he said, include simple construction resulting in lowest cost 
yng life and dependability, better distribution than in conventiona 
tvpes as well as higher volumetric efficiency, and greater compactness 


Joseph \ Anvlada raised 1 Question as to whether the V-8 cneveine 


ives the use of less cast iron than in-line typ 

F. ( Mock expressed the view that a rear-engine car would b 
inherent unstable at high speeds and said that he would never 
villingly ride in a car of this type at speeds above 60 m.p.h. He, 
therefore, 1s inclined to doubt whether this form of car will gain gen 
al acceptance as some anticipat 


Truck bodies will be made in streamlined form with the load con 


tained entirely within the streamlined areas, in the view of Austin M 
Wolt. At high speeds, the truck has abnormal wind-resistance, Mr. Wolf 
pointed out in discussing Mr. Schwitzer’s paper, and it is certain that a 
passenger-car speeds go up, truck speeds will follow to an almost equal 


xtent, as exemplified by efforts to date 
In discussing Mr. Kalb’s paper, Mr. Wolf pointed out a difference 


between wind-tunnel tests made on models, and conditions under which 
vehicle operates in-service Radiator, ventulator or other openings 
nullity the ideal form, said Mr. Wolt, who believes that more stud 


hould be given to this phase of streamlining in wind-tunnel tests and 
ictual experiments 


Reterring to the possible use of radial engines in automobiles, M1 
Wolf pointed out that in aeronautic practice the speeds of such engines 
are held down, in comparison with speeds common in automobile us¢ 


The articulated construction is an abominable one, Mr. Wolf. thinks, 


due to the differences in travel of the various pistons and the upset of 


valve timing in relation to tndividual piston movements. Should th 
radial construction be used in automobiles, he said, unitorm movement 
of th ston 1 sscntia 


Propeller Symposium Session 


Papers at this session: (See pages 25 and 26, July issue, 
for digests) 


Recent Developments in Aircraft Propellers—F. W 
Caldwell, Hamilton Standard Propeller Co. 
(Part 1 published on page 297, this issue ) 


Design Requirements of Mechanical Controllable 
Propellers—G. T. Lampton, Lycoming Mfg. Co. 


Controllable Pitch Propellers—Design Considera- 
tions—T. P. Wright, Curtiss Aeroplane & Motor Co., 
Inc. 

Bearings for Controllable Propellers — Thomas 


Barish, Marlin-Rockwell Corp. 


Automatic Variable-Pitch Propellers—Clinton H. 
Havill, Eclipse Aviation Corp. 


D'sct SSION led immediately to a vigorous defense of the hollow 
! 1! 


steel-propeller blade against the somewhat critical observations of 
Mr. Caldwell, upholder of the light-alloy type. Hamilton Foley of t 
Pittsburgh Screw & Bolt Co., makers of the steel blades used in the 
Smith-Lycoming propellers, protested against lumping all blades of that 


material within the scope of any set of generalizations and expressed his 
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own conviction that steel blades properly made and properly tested by 
modern methods could and did compare tavorably in reliability, freedom 
from incidental damage, and weight with blades of any other material 
whateve! 

Mr. Caldwell, replying, repudiated any desire on his own part to be 
categorical. He had an open mind on the matter, but he had recorded 
in his paper his own conclusions from his own experience and observa 
tions up to that time 

Other discussion bore on friction, with a general agreement that up to 
the point where it began to produce excessive wear or immediate per- 
manent deformation bearing friction was a good thing and should be as 
large as possible. Mr. Lampton was particularly emphatic on that point. 

The effect of engine test specifications on the value of pitch variation 
was taken up, and it was ayreed that British rules for engine operation 
provided much less incentive for the employment ot controllable-pitch 
types than did their American equivalents, but no one could understand 
why British designers seemed so indifferent to the apparently immens« 


value of controllable-pitch variation on their military planes with ver 
highly supercharged engines. 


There was some scepticism over the possibility of securing a com 
pletely automatic propeller that would meet all possible flight conditions 
with satistactory efiiciency. Mr. Wright was inclined to favor a governor 


type of control, with the pitch automatically varying to hold a rate ot 
engine rotation for which the pilot might set his index. Mr. Havill 
refused to concede that a propeller like that would be a truly automat 
one at all, but all parties finally appeared to accept it that there would 
probably be no unique solution and that it might well be desirable to 
use one type of pitch control on a transport airplane, another type on a 


fighter, and perhaps stull a third type on a ship destined for the private 
owner-pilot 


Design and Combustion Session 


Papers at this session: (See page 26, July issue, for 
digests) 


Observations of Flame in an Engine—Charles F. 
Marvin, Jr., Bureau of Standards. 


Design Limitations of Aircraft Engines—E. S. Taylor, 
Massachusetts Institute of Technology. 


ISCUSSING Mr. Marvin's paper, E. S. Taylor showed a series ot 

pictures made in his laboratory at Massachusetts Institute of Tech- 
nology. These pictures, Mr. Taylor pointed out, confirmed many of the 
conclusions reached by Mr. Marvin, particularly as regards the time of 
combustion. He criticized Mr. Marvin's statements mildly because, 
according to Mr. Taylor, Mr. Marvin had assumed from his observations 
in the window that the length of time from the appearance of radiation 
to the peak is the minimum time which ts involved in the chemical 
process of combustion. Mr. Taylor stated that inasmuch as the work was 
done stroboscopically and there is considerable variation from cycle to 
cycle, quite a portion of this might be due to that fact. 

In reply Mr. Marvin agreed that use of the stroboscopic method in 
volves a flattening and broadening of the curve, but did not believe that 
it was a factor to be considered. This continued rise, Mr. Marvin stated, 
if it were not offset by continued cooling by molecules already formed, 
would go out for an indefinite distance. When one of these elements 1s 
set against the other, in the absence of more definite information, Mr. 
Marvin contended, the result is as near an indication of the minimum 
time as can be obtained. 

Mr. Marvin also questioned some phases of Mr. Taylor's interpreta 
tions of the flame diagrams which the latter had presented, bringing out 
the difficulty involved in accurate analysis of data of this character. 

Commenting on the suggestion in Mr. Taylor’s paper that lighter oils 
be used to obtain greater engine efliciency, S. Akabane, Nakajima Air 
craft Co., asked if cooling of pistons is not helped by the splashing of 
oil from the crankpin in the case of very large horsepower aircraft radial 
engines such as those in which the piston diameters reach 6 in. 

Replying to Mr. Akabane, Mr. Taylor said that he always had telt that 
piston cooling by means of oil thrown on the piston was a minor factor, 
but that he really had no data to go on. 


In connection with Mr. Taylor's remarks about the negligible amount 
of cooling effect by evaporation of fuel in the cylinder, Mr. Akabane 
asked for some rough but specific figure which would express this effect 
quantitatively as regards a spark ignition engine, mentioning that such 
an effect is said to be present in the case of fuel injection engines that 
have been studied in this country. 

Urging the need for development of fundamental data which do not 
naturally arise out of the process of step-by-step improvements in design, 


Dr. H. C. Dickinson said that development of such data means endless 
work along lines which may not yield immediate results and which can 
be carried on only when surplus funds are available. In the light of 
current tightness of funds, Dr. Dickinson said that it was very encourag- 
ing to see two papers such as those of Mr. Marvin and Mr. Taylor 
representing fundamental work of this kind. Mr. Taylor, Dr. Dickinson 
said, presented a powerful generalization in the form of dynamics which, 
surprisingly, has been neglected despite its potency in a great many lines 

One discusser asked whether or not better cooling fins might be de- 
signed, mentioning that the effectiveness of the fin is limited not only 
by its height and thickness, but also by the rate of flow of air past the 
surface 

Mr. Taylor replied that already there has been a vast amount of work 
done on cooling fins and that the problem is being kept alive from many 
different angles. Chairman Insley confirmed Mr. Taylor’s statement in 
this regard and voiced a strong suspicion that, using data probably 
available now at Langley Field, it mav be possible to make more effec- 
tive fins than at present. 


Cooling and Detonation Research Session 


Papers at this session: (See page 26, July issue, for 
digests) 


The Design of Fins and Cylinder Baffles for Air- 
‘ ‘ . , , rs r * . 
Cooled Engines—Carlton Kemper, National Advisory 
Committee for Aeronautics. 


Correlation of Knock Rating of Aviation Gasolines 
irthur Nutt, Wright Aeronautical Corp. 


UCH of the discussion of Mr. Kemper’s paper consisted of questions 

and answers on points about which hearers were uncertain. The 
first question concerned the desirability of baffling around the cylinder 
head. The author replied that the paper did not deal with this but 
that tests with a single-cylinder engine now under way are expected to 
develop facts in this regard. 

Austin Wolf inquired concerning the means of fastening the baffles to 
the cylinder and the author replied that they were tested in several 
positions, being gradually moved inward toward the cylinder and were 
tinally welded to the edges of the fins so that there was some direct 
conduction of heat to the baffle. A formula developed by the author 
enables a close calculation as to what the heat transfer for given con- 
ditions should be. 

Asked whether changes in the location of the outlet slot would 
change the temperature distribution, the author said that this "point 
had been considered, especially as inlet pipes of present engines pass up 
the rear of the cylinder and so interfere with a slot at this point. It 
may prove possible to set a slot at an angle, but this has not been 
determined as yet. 

Responding to another question about means for increasing the total 
flow of air to the cylinders, Mr. Kemper indicated that this had been 
covered in a recent S.A.E. paper. No data have yet been secured con- 
cerning the relative drag of baffled and unbaffled cylinders. Data thus 
far secured indicate that baffles are just as effective at low as at high 
speeds. 

Herbert Chase inquired whether there is any reason to suppose that 
the constant supply of heat from an electric source would give any 
different results than in practice where the supply of heat is inter- 
mittent or varies from instant to instant during each cycle, as under 
practical engine operation. To this the author replied that the cylinder 
temperature remains or is assumed to remain substantially constant, as 
under service conditions. 

W. S. James asked how pressure drop was measured and Mr. 
Kemper replied that 15 small Pitot tubes were used. Asked how the 
velocity of air past the fins compared to that of the air supplied, the 
author said that it had proved difficult to measure. Air entering the 
cylinder comes to or almost to a stop, the velocity head being con- 
verted into pressure head. Temperature of air passing the baffles has 
been measured, but not in flight tests. 

Considerable discussion developed in relation to the best position 
of cowling in flight and it appeared that there 1s a difference in 
opinion as between certain prominent makers of engines as to which 
position gives best results. One speaker indicated that the’ character 
of flow around the engine and propeller in an airplane varies and és 
likely to be so turbulent that velocity measurements are difficult to 
make. He suggested that impact pressures might be used to advantage 
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instead. Mr. Kemper replied that velocities at individual cylinder fin 
are fairly uniform. It was suggested that if the true pressure drop 
were known other items would not be of so much importance and the 
author said that this drop is now being determined from single-cylindet 


tests. 


In discussion of Mr. Nutt’s paper or report on Correlation of Knock 
Rating of Aviation Gasolines, S. D. Heron said that he does not con- 
sider the agreement as between single-cylinder and multi-cylinder 
engine tests to be as good as indicated. He mentioned disagreement 
also in respect to the data on benzol blends and said that the Wasp 
engine used by the Bureau of Standards in the tests is not the latest type 


Thomas Barish said that the report seems to rate fuels on the basis 
| 

of engines without due allowance to improvements in cooling and 

asked whether the entire svstem of rating would not have to be changed 


To this Mr. Nutt replied that an objective was to match two fuels in a 
given engine, to find what the particular fuels will do in that engine and 
thus determine whether one type rates a fuel differently from anothet 
type. It is too early yet to draw definite conclusions. The report merel 
gives trends to date and these may not be borne out when the work is 
completed. It is not yet known whether the method being used will 
prove its value or not, but it is considered a promising way of de 
termining a quantitative measure of the value of a fuel. 


R. Stansfield gave a brief outline of work on fuel rating undertaken 


by the I. P. T. Committee in England, saying that this group started 
with tests of fuels of 73 to 74 octane rating and a 260 deg. fahr. mixture 





temperature. This’ gave enough information for the time being but Jed 
to a much more comprehensive program covering fuel of 8&7 octane 
rating and a higher mixture temperature is being considered 


In answer to a question as to whether the data Mr. Nutt gave wil 


be useful in water-cooled engines, the author said that there are tew 


such engines used today in this country and they are likely to go out 


of the picture entirely. The object is fuel testing, not engine testing, he 
emphasized. 


Dr. Graham Edgar said the results of tests thus far are more nearl 


alike than in the earlier automobile tests. He said it is interesting to 
note that there is little difference between liquid-cooled and air-cooled 
engines or between large and small engines and commended the tests 
as excellent If trends thus far established hold when the remaining 
tests are completed, he said, it will tend to quiet some criticism as to 
the methods followed 


In closing the discussion Chairman H. K. Cummings pointed out 
that misleading impressions should not be gained from the fact that 
some fuels were tested while others were not. When matches were 
secured at certain points, the fuels above and below perhaps would not 
be used, whereas in some cases where the matches were closer togethet 
it Was necessary to run the same fuel more than once with the same 
reference fuel as well as with different fuels. Hence it is not quite 
fair to base percentages on the table in the paper. All of the cooperat 
ing laboratories were asked to compare four groups of test fuels with 
each of two reference fuels. In addition, three of the laboratories were 
asked to compare three of the groups of test fuels with a third refer 
ence fuel This gave a total of 49 comparisons, 24 of which had been 


completed in time for the report 


Shock Absorber Session 


Paper at this session: (See page 26, July issue, for 
digest ) 


The Airplane Landing-Gear Shock-Absorbing System 
C. V. Johnson, Bendix Products Corp. 


l was brought out in discussion that the trend of airplanes toward 

sharper grounding angles might make necessary a change in _ the 
conception of the test requirements for landing gears as presented by 
Mr. Johnson. This question is also tied up with the specifications for 
light airplanes developed by the Department of Commierce, wherein 
there is a question as to assumption that the airplane should be flown 
into the ground as against a technique wherein, with the control, 
one might pull back as the airplane is landed at its minimum speed 


It is obvious that the design conditions for landing gear would 


differ greatly under these different arrangements of landing technique 
further discussion brought out 


During the discussion there was a great deal of comment on the 


matter of taxiing requirements, which as Mr. Johnson said, represented 
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the criterion on which the adequacy of the landing gear could be 
udged by pilot and by passenger. It was the consensus of opinion of 
those at the meeting that the taxiing requirements should be interpreted 
in mathematical and in testing terms at some future time so as to 
make possible the establishment of the design criterion to represent 


comfort on the part of the passengers 

There was also discussion about the difference which exists in drop 
test requirements on the part of the Governmental agencies Phe 
Navy specifies a distance of drop based on the total travel of center 
of gravity of the airplane, whereas the Army and Department of 
Commerce specify a free drop for the tire of the landing gear wheel. 
The former condition places a premium on the development of long oleo 


strokes. 


There was a considerable discussion on the relative efhciency of 
rubber coil springs and compressed air as mediums for absorbing taxing 
shocks. The value of larger tires in this regard was mentioned. It 


seemed to be the consensus of opinion that the compressed air arrange- 
inent was the best yet developed for this purpose and that great credit 
was due to Mr. Johnson for the work he had done in this development 
Chairman T. P. Wright read the written comments presented by a 
number of men in the industry and Government service and expressed 
appreciation to them for their interest in sending in their comments 
Among the multitude of interesting points brought out in the written 
discussion, space permits mention of only a few. 


R. W. Ayer, Stinson Aircraft Corp., for example, mentioned among 
other things that it has been his experience that the increase of unsprung 
weight in an airplane landing gear in general, improves the taxiing 
quality, particularly where a high capacity tire is provided; although 
this seems rather contradictory to automobile experience, it may be due 
to the fact that the unsprung weight still has a very small ratio to the 
sprung weight as compared to that of an automobile. 

One point brought out by Theodore de Port was that the best shock 
absorber cannot function to its best advantage on a poorly designed 
landing gear. Mr. de Port agreed with Mr. Johnson that large diameter 


tires do not increase the capacity of the energy absorption, especiall 
vhen low pressures are used. 
“If a change from high to low-pressure tires is made,” he said, 


“the orifices in the strut piston should also be altered if they were 
t in the first place and if the maximum efficiency is required 

C. J. McCarthy, Chance Vought Corp., referred to the fact that Mr. 
Johnson had pointed out that in a conventional V-type landing gear, 
locating the oleo member in the front strut in a favorable arrangement 
tor a three-point landing condition, but is not at all good for the two 
point condition, as the effective stroke is reduced one-third, or in other 


I 


corre 


words, for a given height of drop, the maximum acceleration is increased 
neal sO per cent Then he went on to say: “The two-point position 
is a convenient one to use in stress analyses because the forces are 
in equilibrium, but I question if this is truly representative of service 
conditions, because many successful types of landing gears have been 
built with the oleo unit in the front strut and with a strut arrangement 
which give relatively short effective oleo stroke for the two-point 
position. I believe it is quite probable that entirely safe landing gears 
will result if the range of altitudes required for drop test were reduced 
to cover from the three-point position to a point about half way between 


it and the two-point altitude. 


Lieut.-Commander R. D. MacCart, Navy Dept., brought out the 
point that for satisfactory operation during progressive drops, as well 
as for proper coordination of action of tire and shock struts, a metering 
orifice is considered to be advisable if not essential and for satisfactor 
operation under various angles of drop, a suitable shock strut location 
is necessary 

The landing gear shock-absorbing systems, both undercarriage and 
tail wheel, he said, have shown very great improvement during the 
last two years in airplanes constructed for the Navy 

William C. Peck, National Advisory Committee for Aeronautics 
stated that the mathematical analysis of the absorbed energy distribu 
tion in a landing chassis is more complicated than the simple analysis 


would indicat The simple analysis will, however, amply serve to 
point out the possibility of a tire-strut combination absorbing a required 
amount of energy prior to dynamic tests on the combination, Mr. Peck 
said 


Mr. Peck questioned the statement by Mr. Johnson that “in the event 


* a landing hard enough to cause some structural failur the 
failure should be in the landing gear. This statement would be gen 
erally accepted. in Mr. Peck’s opimion, if it could be conceived that 
the failure would be confined to the landing gear. “In most cases, 
Mr. Peck said, “where landing chassis failures occur, however, the 


re followed by extensive and severe damage to other parts of the 


aircraft. It would appear, therefore, to be more desirable to provide 
| 


a landing chassis of such strength that in a landing of sufficient 


severity to cause a structural failure, the primary failure would occu! 


: , , , ‘ 
clsewhere than in the chassis 
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The Place of Sound Measurements 
in Automotive-Noise Reduction 


By E. J. Abbott 


Research Physicist, University of Michigan 


HE desirability of measuring sound by sound- 

meter, rather than by listening with human 
ears, is expressed by the author, who states that 
soundmeter measurements indicate definitely just 
what components of noises must be reduced and 
also just what has been accomplished by any 
given change. Usually, they may be taken so as 
to indicate the part responsible for the noise, and 
even the nature of the defect. He then considers 
some fundamental characteristics of human ears 
and of various sounds. 


The apparent inconsistencies of the mass of 
data obtained from soundmeter measurements 
made in connection with practical noise-problems 
are explained, and the physical problem of what 


F a job of noise reduction is to be of any practical 

importance, the quieting must be sufhciently great to be 

noticeable to the ears of the average human observer. 
Consequently, the question immediately arises: The quietness 
of a product is judged finally by the ears of the customers; 
why then is not ear listening good enough for the manufac- 
turer? This is a fair question, and one which has a definite 
practical answer. The reason for using sound measurements 
is that, with their aid, noise reductions can usually be obtained 
more rapidly and more economically than by ear listen- 
ing. The principal value of sound measurement does not lie 
in measuring the final result of quieting, which, if practical, 
must be plain to the ear, but rather the value is in the use 
of sound measurement as a tool for determining how this 
reduction is to be obtained. 

The next point often raised is: These graphs and tables of 
sound measurements are all very nice but, after all, we knew 
that the noise was there. Our problem is reduction; just how 
do these measurements help us? This again is a fair question 
which has a definite practical answer. The measurements 
indicate definitely just what components of the noises must be 
reduced, and also just what has been accomplished by any 


[This paper was presented at the Semi-Annual Meeting of the Society, 


Saranac Inn, N. Y., June, 1934.] 


soundmeters measure is presented, together with 
a discussion of the subject of sound pressure and 
the use of the decibel scale of sound measurement 
which includes definitions of the various terms 
and units employed. 


The psychological problem, that is, the inter- 
pretation of sound measurements in terms of ear 
sensations. is presented at length and followed by 
a summary. The practical problem, that is, the 
technique of noise reduction, is analyzed also, 
quieting methods are suggested under seven 
specific headings, and. it is stated as a conclusion 
that sound measurements obtained with measur- 
ing instruments are an indispensable aid in 
achieving logical noise-reduction. 


given change. Usually, they may be taken so as to indicate 
the part responsible for the noise, and even the nature of the 
defect. At first thought this may not seem to be so much, 
but experience proves that it is usually more than half the 
battle. To more fully appreciate the value of this information, 
consider some fundamental characteristics of human ears 
and of practical sounds. 

The characteristics of the human sense of hearing are such 
that if several sounds of approximately equal loudness exist 
simultaneously, the complete removal of any one or two of 
them ordinarily results in a negligible reduction of the total 
noise (less than 2 db., that is, 2 decibels). Usually, the change 
is accompanied by a change in the quality of the sound, 
which increases the difficulty of judging the change of loud- 
ness. It is an unfortunate fact that the sounds in automobiles 
and other machinery almost invariably consist of several im- 
portant components. Working with ear listening, reduction is 
a sort of “whole-hog-or-none” affair. If a combination is ob- 
tained which gives a reduction large enough to be sure of by 
ear, well and good; if not, one has no idea of the value of 
the move tried, nor indication of what to do next. Often 
much time is spent on changes which are of no benefit, and 
valuable changes are discarded because, to be effective, they 
must be taken together with similar changes which are not 


271 August, 1934 








h 
NS 
Nm 


S.A.E. JOURNAL 


(Transactions) 


important when made alone but which are essential to the 
whole. If sound measurements are used, the investigator may 
“separate the variables” and put in his time where it will do 
the most good. The effectiveness ot the various moves can 
be measured and, by working on the various parts separately, 
a combination can be evolved which will give the required 
overall reduction. 

A third point which arises is: These meter measurements 
are all very well, but how do these noises sound to human 
ears? Do larger meter readings represent louder sounds? The 
answer is: Yes, provided that the readings are properly in 
terpreted by expressing them in terms of “loudness level.” If 
the sound pressures and the frequencies of the components of 
a sound are measured, the necessary data on human ears are 
available so that these physical measurements can be translated 
into a scale of loudness which takes account of the character- 
istics of human ears. In certain cases a meter can be adjusted 
to give a fairly accurate measure of loudness level, but the 
author knows of no soundmeter which will give direct read- 
ings of loudness level, either for complex sounds or for single 
notes of different level occurring separately or obtained by 
frequency analysis. Consequently, in nearly all practical noise- 
problems, it is necessary to make suitable interpretation of 
the physical measurements obtained, and a great deal of con 
fusion has resulted from a failure to appreciate this fact. This 
point is discussed at greater length later in this paper. 


Complications and Inconsistencies 


It is the usual experience that, when attempts are made to 
use sound measurements in connection with practical noise 
problems, the first thing which is obtained is a mass of 
apparently inconsistent and contradictory data. Larger read- 
ings are obtained on machines which are obviously much 
quieter than those which give smaller readings; a machine 
which measures much louder than another at one speed mea 
sures much quieter at a slightly different speed, although 
observations by ear do not indicate such differences. The 
pointer on the indicator meter dances around in the most 
disconcerting fashion, and attempts to repeat measurements 
are often disappointing to say the least. About this time it is 
often decided that measurements are no good and they are 
abandoned. 

The chances are that in all of these instances the sound 
meter did all that could be expected of it; namely, to indicate 
the sound pressure at the point where the microphone was 
placed. It is an unfortunate fact that, on most practical noise 
problems, the sound pressure at a single point near a machin« 
is quite valueless as a rating of the noise of that machine. 
This is not the fault of the 
complicated character of the sound itself. A 


meter, but is a result of the 
human ear 
placed at the same point experiences exactly the same difh 
culty, and many of the difficulties of noise reduction on the 
basis of ear listening are due to this fact. By meter, these 
difficulties are not only fully apparent; but, by suitable averag- 
ing, they can be overcome. This is one of the chief advan 
tages of meter measurement over ear listening. Consequently, 
the most important part of the solution of a noise problem 
with the aid of measurements is to take such measurements 
that sufficiently accurate noise-ratings are obtained on the 
various noises and conditions which it is desired to measure. 
No directions can be given which will fit all cases, because 
every noise problem is a particular case in itself, and the 
success and efficiency with which the problem is solved de- 

1 See Journal of the Acoustical Society of America, January, 1931, p. 312; 


Definition 1001 of the Report of the Committee on Acoustical Standardiza- 
tion, Acoustical Society of America. 


Vol. 35, No. 2 


pend largely upon the skill and experience of the investigator 
in planning the tests to obtain the necessary ratings with a 
minimum of measurements. The experience at the University 
of Michigan Laboratory, in nearly a decade of work on prac- 
tical noise-problems with the aid of sound measurements, con- 
vinces us that the necessary measurements can be obtained 
if the problem is attacked systematically. 

Noise-problems involve such a peculiar combination of 
small things which are all important, and large things which 
are negligible, that our familiar engineering judgment often 
leads us far astray, and we must accumulate a rather special 
set of thumb rules for noise work. Recently, one engineer 
remarked that the first step in noise work appeared to be to 
learn that nearly everything one knew about sound is not so. 
Another chimed in: “Yes, and that which is so doesn’t make 
any difference.” It is the purpose of this paper to outline 
the fundamentals of machinery noise-reduction with the aid 
ot sound measurements, with particular reference to practical 
industrial-problems. 


The Physical Problem 


What Soundmeters Measure.—‘lt the giant tree in the tor 
est crashes to the ground, is there any sound if there is no 
human ear to hear it?” So runs the old question which has 
been good tor many an evening's argument. Of course the 
answer is “Yes,” if by sound one understands the physical 
wave motion in the air; and “No,” if one means the human 
sensation. In its glossary of definitions the Acoustical Society 
has met this dilemma by adopting both definitions; (a) the 
physical wave-motion, and (4) the human sensation’. This 
is not as much of an evasion as at first appears, because, after 
all, we are primarily interested in sound because of the human 
sensation, while instrumental measurements must necessarily 
be made of the physical wave-motion. Hence, practical noise- 
measurement continually involves two parts: measurement of 
the physical occurrence and interpretation of these physical 
measurements in terms of ear sensations. This section of the 
paper deals with the physical measurements. 

Physically, sound consists of pressure waves in the atmos 
phere, and these waves can be measured and specified in 
about as much detail as one wishes. These waves are set up 
by vibrating objects and each part of a vibrating object, such 
as a machine, sends out a train of sound waves. These waves 
spread in all directions so that they cross and recross the 
waves from other parts of the machine, or waves from other 
machines, and also the waves which are reflected from nearby 


objects. At some places the various waves reinforce each other, 


while at other points they tend to cancel; so the wave pattern 


very complic ited. 


Further, each of these waves is made up 
of a number of component pitches, together with more or less 
unpitched sound, and the combination of all of these factors 
makes matters very complicated indeed. Obviously, a complete 
measurement and specification of all of these factors would 
involve a tremendous amount of data, which would not only 
be difficult to obtain but would be still more difficult to know 
what to do with after it had been obtained. Hence the prac- 
tical problem of sound measurement is not, “Can sound be 
measured?” but rather, “What characteristic or characteristics 
of the sound shall be measured to yield the desired informa- 
tion?” Fortunately, there is one easily measured characteristic 
of sound which is sufficient for most practical problems, 
although, obviously, measurements of this one quantity are 
not sufficient to describe completely the complicated physical 
picture outlined above. This valuable characteristic is the 


“sound pressure,” and the remainder of this paper deals 
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with sound from the aspect of sound pressure. While this 
appears to be sufficient tor most noise problems, it does not 
completely specify the sound, particularly in regard to the 
directions from which the sound comes. 


Sound Pressure 


Due to the presence of a sound wave, the atmospheric pres- 
sure at any point fluctuates about its normal barometric value. 
These fluctuations in pressure are ordinarily measured by 
means of a microphone, which is in reality a delicate pressure 
gage. 


which the changes of pressure vibrate a very thin diaphragm, 


A common type* is the “condenser microphone,” in 


which movement changes the electrical capacity between the 
diaphragm and a nearby plate; and this change of electrical 
capacity is used to generate a voltage, which voltage is 
amplified by a vacuum-tube amplifier until sufficient power 
is obtained to operate a suitable indicating or recording device. 
By suitable design of the microphone and amplifier, the 
voltage output of the latter reproduces very accurately the 
sound-pressure fluctuations at the microphone. By suitable 
calibration, this instrument can be arranged to read sound 
pressures directly in every day units such as pounds per square 
inch. 

Instantaneous Sound Pressure —lt the output of a sound- 
meter such as the one described above is connected to a suit- 
able oscillograph, the variation of sound pressure with time 
can be recorded on a film. Fig. 1 shows such a record, made 
by the Bell Telephone Laboratories and used by them in cer- 
tain studies. It will be observed that the variations in pres- 
sure with time are exceedingly complex and, after one has 
obtained some yards of such record, the question is: How shall 
it be interpreted? The answer is that, for most noise problems, 
data taken in this form are very difficult and laborious to 
interpret, and therefore this method of recording is not used 
for such work. 

Root Mean Square Sound Pressure.—lt, instead of an oscil 
lograph, the output of the soundmeter mentioned above is 
connected to a suitable rectifier and a direct-current meter, 
the meter will not record all the individual pressure variations 
but will indicate the root mean square value. (This is the 
quantity indicated on alternating-current voltmeters and am- 
meters.) Hence it will give a steady reading as long as the 
amplitude of the sound is constant, and will give larger or 
smaller readings as the amplitude of the pressure fluctuation 
changes. Unless otherwise indicated, “sound pressure” is 
always used as an abbreviation of “root mean square sound 
pressure,” and this is the quantity which will be considered 
in the remainder of this paper. 

Sound pressures could be expressed in pounds per square 
inch, but this is not a convenient size of unit because the 
audible range of sound pressures at 1000 cycles per sec. is 
from about 0.000,000,00 2 lb. per Sq. in. to about 0.002 lb. per 
sq. in. Accordingly, the unit usually used is the dyne per 
square centimeter (or “bar” ) which is very nearly a millionth 
part of normal atmospheric pressure. Expressed in bars, the 
audible range of sound pressure at 1000 cycles per sec. is 
from 0.0002 to 200 bars. 

As stated above, sound pressures are root mean square 
values. Therefore, two or more sound pressures of different 
frequencies add by taking the square root of the sums of the 
squares. For example, two pressures of 10 bars each, when 
combined, give \/(10? + 107) = 14.1 bars. If the pressures 
are of the same frequency, they must be added with respect to 


2 See Bell System Technical Journal, January, 1931, p. 46: Condenser and 
Carbon Microphones—Their Construction and Use, by W. C. Jones. 


phase, the same as all vector quantities. It a number of sound 
pressures of the same frequency and random phases are added, 
the most probable value is also the square root of the sum 
ot the squares. This tact is occasionally used in noise work. 


Sound-Pressure Level; a Decibel Scale 


As stated above, sound measurements are fundamentally 
pressure measurements and can be expressed in every-day 
pressure-units. However, the range of sound pressures covered 
by the ear is more than a million to one and, in ordinary 
work, ranges of several hundred to one are quite common. 
Consequently, it is inconvenient to plot such data to an ordi- 
nary linear scale of pressure such as that shown in Fig. 2, Plot 
A, which shows the frequency analysis of a certain set of gears. 
The difficulty can be alleviated by the common device of using 
logarithmic paper as shown in Plot B of Fig. 2, but this re- 
sults in graphs which are awkward to plot and still more 
awkward to read. For this reason it has become very common 
practice to use a logarithmic unit so that an ordinary linear 
graph paper can be used. This logarithmic unit has come 
into such common use that it has been given a name, the 
“decibel,” its symbol being db. Plot C of Fig. 2 shows the 
same set of data plotted to a scale of decibels. As indicated on 
the right side of the logarithmic Plot B, this merely consists of 
dividing one logarithmic cycle (a factor of ten) into 20 equal 
parts, and calling each of these a decibel. 

Fig. 2 also illustrates the advantage of the decibel scale for 
interpretation. Of course, all three plots show the 260-cycle 
note to be the largest of all, and this note would have to be 
reduced to obtain quieting. However, I think almost anyone 
looking at the data of Plot 4 of Fig. 2 would imagine that a 
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Fig. 1—Oscillogram of Sentence “Joe Took Father's 
Shoe Bench Out” 


This is a record of Instantaneous Sound Pressure versus 

Time made by the Bell Telephone Laboratories. (From 

Some Physical Characteristics of Speech and Music, by 
H. Fletcher, Review of Modern Physics, April, 1931). 
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tremendous reduction would be obtained if this one note were 
eliminated. The fact of the matter is that, if this note were 
removed entirely, the sound would still be very loud, as there 
are still half a dozen notes of levels of 80 to 90 db. The re 
moval of this note would reduce the pressure level trom 102 
db. to o3 db., a change which would still leave it high in the 
range of sound levels, a fact indicated by the decibel scale 
ot Plot C. 

When sound pressures are expressed in a decibel scale, the 
result is called “sound-pressure level.” As will be explained 
presently, a reference level is required to relate a decibel scale 


to definite physical units, and the reference level for sound 


pressures*® has been selected 


as 0.0002 bars, which is about 
the faintest 1000-cycle sound-pressure that the average human 
ear can detect. The sound 


sound-pressure level is given by the formula 


P 
20 logy9 ) 
: 0.0002 


where P is the given sound pressure, in bars. 


relation between pressure and 


Sound-Pressure Level ( Db.) 


Typical values obtained by substituting in this tormula are 
given below: 


Sound Pressure, Sound-Pressure Level. 


Bars (Dynes per Sq. Cm.) Decibels 


0.0002 Oo 
0.000224 I 
0.000350 5 
0.000622 10 
0.002 20 
0.00350 25 
0.00632 30 
0.02 40 
O.2 60 
2.0 So 
2.24 SI 
20.00 100 


Characteristics of a Decibel Scale —As stated above, the use 
of a decibel scale is a matter of practical convenience in plot 
ting and in interpreting data. To obtain this convenience, 
some characteristics are introduced which at first sight appear 
a bit mysterious but which, in fact, are very simple after all. 
These are the law of addition and subtraction, and the refer 
ence level. 

In using a decibel scale, one should always make compari 
sons in terms of decibel differences, never in fractions. For 
example, when comparing a 40-db. sound with a 60-db. sound, 
one should never think of one as two-thirds of the other, but 
rather that one is 20 db. less than the other. Similarly, one 
should never think of a reduction from 50 db. to 45 db. as a 
10 per cent reduction, but as a 5-db. reduction. This may 
sound trivial, but it is very fundamental in the interpretation 
of sound measurements so as to make sense. 

These matters follow directly from the definition of the 
decibel scale. This scale was obtained by dividing a factor 
of 10 into 20 equal parts, so that a decibel simply represents 
a pressure ratio of V/ 10 1.12. In other words, if two 
sounds differ by a decibel, their sound pressures are in the 


ratio of 1.12 to 1. Similarly, if two sounds differ by 20 db., the 


sound pressure of one is ten times that of the other. A state 

Sec lourna tf the {coustica Soct y imerica. Octobe 1933. 1 
109; Revort of American Standards Association Committee on Acoustica 
MeasurementS and Terminology, Proposed Standards for Noise Measure 
ment See also Electrical Engineering, November, 1933, p. 744; Proposed 
Standards for Noise Measurements, by Harvey Fletcher 

‘See Electrical Engineering, May, 1931, p. 342; Indicating Meter for 
Measurement and Analysis of Noise. by T. G. Castner. | Dietze, G. T 
Stanton and R. S. Tucker 
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ment that one sound is two-thirds or one tenth or any other 


traction of 


the decibels of another, does not allow 


one to 
determine the relative pressures nor hence the relative loud- 
ness. Such determinations are made trom decibel differences. 

If two sounds of equal sound-pressure level are added, the 
sum is 3 db. greater than one of them alone, no matter what 


the initial levels are. For example, 


1db. plus 1 db. 4 db. 
50 db. plus 50 db. 53 db. 
100 db. plus 100 db. = 103 db. 


This is equivalent to adding sound pressures by square 
roots of sums of squares as described in the previous section. 
The arithmetic is very simple and works out as follows: 


P 
1 = 20 log ( ), and P, 
0. 0002 


= ().0002 « 1.12. 


=().0002 antilog 0.0500 


+ P2,) = 4/[(0.000224 0.0002 24 V/ (10 1078 l 


0. 000316 
db. = 20 log ( ) = 20 log 1.58 = 200.199 LQ 
; 0. OOO200 


P 
50 = 20 logo( 4. and P:,=0.0002 antilog 2.5 
0. 0002 


= ().0002 K 316 = 0.632 


V (P2750 +P 250) = V[(0.06322 +0.06322)| = (80 K 1074) =0.0895 (2 


0.0895 
db. = 20 log ( \ = 20 log 447.5 20 2.65 53.0 db 
0. 0002 / 


Pro 
100 = 20 log, ( ), and Py0=0.0002 Xantilog 5=20 
0. 0002 


V (P2100 +P *i00) = V/ (202 + 202) = 7 800= 28.3 3 
28.3 
db. = 20 log ( = 2() log 141,500 205.15 = 103.0 db. 
0. 0OO2 


While this appears unusual at first, the practical applica 
tion is very simple. Always think in terms of decibel differ 
ences. From this it is apparent that the addition of any two 
sound pressures can never give a result more than 3 db. above 
the larger of the two which are added, and that the amount 
ot this increase depends only on the decibel difference be 
tween the two, and the increase is the same no matter what 
the level of the larger sound. Consequently, additions and sub 
tractions of decibel levels are conveniently made by the chart 
shown in Fig. 3. 

Since a decibel scale of sound pressures involves only pres 
sure ratios, 1t 1s necessary to use some definite pressure as a 
reference level to reter the scale to absolute units. As men 
tioned above, the reference usually used for sound pressures 
is 0.0002 bars, and this value was used in the computations 
above. It will be easily seen however, that the same 3-db. 


increase would have 


been obtained in all cases if the refer 
ence level had been any other fixed value. 


Accordingly, this 
brings us to the 


decibel The 
decibel differences between any group of sound pressures are 
the same no matter what the reference level so long as the; 
are all referred to the same level. 


second 


feature of a scale. 


These data can then be 
referred to another reference level by simply adding a con 
stant number of decibels to all of the values. 


For example, 
a number of 


measurements have been taken to a reference 
level of 0.001 bars instead of 0.0002 bars*. To change from 


one scale to the other it is only necessary to add 20 login 


(0.0010/0.0002 ) db. to all 


, ~ 
20 log; 20 


0.6099 14.0 
readings 
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Fig. 2—Frequency Analysis of a Certain Set of Gears Plotted to Different Vertical Scales 
Plot A, sound pressure to a linear scale; Plot B, Sound pressure to a logarithmic scale; Plot C, sound-pressure level 


to a decibel scale. 


Hypothetical Data on 0.0010 The Same Data on 0.0002 


Bars Reference Level, Db. Bars Reference Level, Db. 


10 24 
IQ 33 
40 54 
100 IIl4 


At first thought it might seem that this would disturb 
the relative rating; but, when it is remembered that these 
are always made according to decibel differences, it appears 
that the relative ratings are the same, that is, the largest 
value is 60 db. above the next, and so on. 

If these peculiarities seem to the reader to lessen the prac 
ticability of the decibel scale, one can only reply that the only 
reason it was ever invented was one of practical convenience, 
and nearly every user of sound measurements tried to avoid it 
at first, but it has been almost universally adopted on account 


of its practical advantages. The unusual features lose their 
strangeness with use. 


Measuring and Specifying the Quality of Sounds 


Sounds vary in quality fully as much as they do in loudness 
and, accordingly, it is often necessary to measure quality as 
well as loudness. This is done by taking the necessary 
physica! measurements, which can be interpreted in terms of 
information on the human sense of hearing. Differences in 
the quality of sounds are due to differences in the various 
component frequencies which make up the sound and, from 
a physical point of view, the quality can be specified in terms of 
the sound-pressure levels and frequencies of the various com- 
ponents of the sound. On account of differences in measure 
ment and interpretation it is convenient to distinguish be- 
tween two classes of sounds, individual notes and complex 
sounds. 

Individual Notes.—In the case of individual notes, that is, 
sounds consisting of a single-ccomponent frequency, the prob- 
lem is very simple. The note can be specified both as to 
loudness and quality if the sound-pressure level and the fre- 
quency are known and, since both these latter quantities can 
be read directly from a soundmeter, the determination of the 
loudness and quality of individual notes is a simple matter, 
whether the note occurs alone or whether it is a single com- 


ponent of a complex sound measured by frequency analysis. 
Unfortunately, complex sounds are far more common than 
individual notes. 

Complex Sounds.—Nearly all practical sounds are complex; 
that is, they consist of a combination of component notes of 
various frequencies and levels, together with more or less 
“unpitched sound” which has no particular frequency. Bumps, 
rattles, scrapes, windage and the like, are examples of complex 
sounds which contain a large amount of unpitched sound. A 
meter can easily be made which will indicate the root mean 
square pressure of complex sounds, regardless of quality; but, 
unfortunately, this quantity is of no practical value for deter- 
mining either the loudness or the quality of most complex 
sounds, and therefore there is no point in measuring it. 

There are three sorts of sound-pressure measurements of 
complex sounds which have been found to be of value for 
interpretation in terms of ear sensations. These are fre- 


quency analyses, band analyses and weighted sound-pressure 
level. 
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Fig. 3—Law of Addition of a Decibel Scale 


If two sounds whose sound-pressure levels differ by the 

number of decibels plotted as abscissa are added, the 

sound-pressure level of their sum is equal to that of the 

larger sound plus the corresponding ordinate; that is, 

if the sounds are equal, their sum is 3 decibels above 

one of them, and if they differ by 5 decibels, the sum is 
1.2 decibel above the larger, ete 
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Frequency Analyses—A trequency analysis of a sound is 
made with the aid of a frequency analyzer, which is a special 


circuit usually used with an ordinary sound-pressure meter. 


the case of tree plain or spherical waves, this power can be 


computed from the formula 
W P?/ (10 X pi 

It is arranged to measure a single trequency at a ume and 1s 

provided with a tuning dial, so that the instrument can be 

tuned to one audio frequency atter another much as a radio M 

set is tuned from one station to another. In 


where 
How pel 
front, in microwatts 


Power square centimeter ot wave 


this way the 

a ) 
sound pressure of each of the component frequencies otf the I 
sound is measured separately. 


Sound pressure, in bars 


The results of such measure o Density ot air, in grams per cubic centimeter 


ments are called frequency analyses or sound spectra, and are é Velocity of sound in air, in 


usually plotted with frequency as abscissa and sound-pressure 
level as ordinate. 


centimeters per 
second 

Instruments have been built in which the 
tuning is varied continuously over the frequency range, and 
the resulting curve plotted automatically; but, in most auto 
motive-noise problems it is more convenient to use a manual 
ly tuned portable instrument. 


For ordinary values of temperature and barometric pressure 


SEBS URN OTE he ae 


the value of gc is very nearly 40; so, the value of intensity 


16 


corresponding to 0.0002 bars is 10 


watts per sq. cm. and 


this value has been chosen as the reference level for intensi- 


a 
fg 
4 
be 


After all, the time spent in  ties®, 





tuning is usually not a very large part of the time required 
to take measurements. 


As mentioned above, nearly 


more or less 


all practical sounds contain 
“unpitched sound’, and this sound cannot be 
measured by the ordinary frequency-analysis. Very often the 
sound pressure of the unpitched sound is considerably greater 
than that of the pitched sound and, accordingly, must be 
taken into account. The unpitched sound can be measured 
in two ways: First, it can be computed by subtracting the 
combined sound pressure of the pitched sound from the total 
sound pressure; second, it can be measured in regions between 
notes by the use of an analyzer which has a narrow, adjustable 
band pass circuit. 

Band Analyses—A recently published formula’ for com 
puting the loudness of a complex sound from physical mea 
surements uses an analysis made in terms of certain bands of 
frequencies rather than individual frequencies. This formula 
is discussed in the following section of this paper. Band 
analyses are also sometimes used in special problems. 

Weighted Sound-Pressure Level.—lf the frequency-response 
of a sound pressure meter 1s arranged to give a predetermined 
weight to each component of a complex sound before the 
components are summed in the rectifier circuit, the result 
is not the actual sound pressure in bars, but a weighted sum. 
This weighted sum is usually expressed in decibels, the num 
ber of decibels being the sound-pressure level of the 1000 
cycle note which gives the same meter reading. In other 
words, 1000 cycles is given a weight of unity, other frequencies 
being weighted according to the selected curve. 

Practically every soundmeter or noisemeter now on the 
market measures weighted sound-pressure level. Each has 
its particular weighting due to its frequency-response char 
acteristic, and some meters have more than one, the alternate 
The 


name “weighted sound-pressure level” is not usually applied 


characteristics being obtained by throwing a switch. 


to the readings of these soundmeters, because this is a rather 
awkward term, but it is the correct physical designation. The 
interpretation ol these measurements in terms of ear sensa 
tions is discussed in the next section of the paper. 


Sound-Intensit\ 


Measurements —Some 


investigators have 
recorded data in terms of intensity and intensity level instead 
of sound pressure and sound-pressure level. Sound intensity 


is defined as the power flow per unit area of wave front. In 


5 See r? f the 


, 5 oO 
Loudness, Its Definitior Measure nt ar ( I H ] l€ 
and W. A. Munson 

8 See Jonrna f the Acoustical S e: f America. October 
Report of American Standards Ass ition Committ \ Me 
surements and Terminology, Proposed Standards for Noise Measi st 
See also Electrical Engineerina, November, 1933, p. 744: Proposed St 
for Noise Measurements, by Harvey FI ‘ 
Vol. 35, No. 2 


Intensity level is simply a decibel scale of intensities. 
In the case of plain or spherical waves, the term “intensity 

level” can be substituted for sound-pressure level with equal 

accuracy (neglecting slight differences due to variation in 9 


with temperature and barometer). However, such waves 
are practically non-existent in ordinary experience and, in 
cases where there are two or more waves, the 


interfering 
intensity level cannot be determined at all from sound-pressure 


measurements, nor 1s it the meters in 


use today. Consequently, sound-pressure level is the correct 


indicated on any of 


unit for expressing such data, not sound intensity. 


W hat This rather 
lengthy section can be summed up very simply. Soundmeters 


Summary of Measure. 


Sound meters 
are used to obtain data on sound pressures and trequencies of 
the sounds under investigation. For convenience, the data are 
usually expressed in terms of sound-pressure level, a decibel 
scale. These are purely physical measurements and the exact 
data taken depend on the problem at hand. If the sound con- 
sists of a single pure tone, the sound-pressure level and the 
frequency are sufficient. In the case of complex tones, the 


measurements may consist of frequency analyses, band 
analyses, or weighted sound-pressure level, or all three, de 
pending upon what interpretation is planned in terms of 


ear sensations. 


The Psychological Problem 


Interpretation of Sound Measurements in Terms of Ea 


Sensations —The fundamental reason for taking sound mea- 


will 
produce in human ears. Consequently, sound measurements 


surements is to determine the these sounds 


sensation 
] ] | 

are of little practical value unless they can be so interpreted. 

A complete description of the sensations which one receives 

trom various 


sounds must be 


a very complicated matter 
indeed, and is one concerning which we have little informa 
tion. Psychologists speak of many terms such as loudness, 
disagreeableness, volume, brilliance, dullness, depth and sim- 
ilar characteristics. Just as in the case of the physical measure- 
ments the practical problem is not one of complete specifica- 
tion, but rather one of finding some characteristics which will 
serve as a practical indication of the thing which it is desired 
to determine. Fortunately, it appears that “loudness” is such 
a quantity. Loudness is not a physical quantity like sound 
pressure, but is a psychological quantity depending on the 
human sense of hearing. It is defined as “the magnitude of 
the sensation as perceived by the average normal ear.” 

A very simple means has been devised for expressing the 
loudness of all sounds, no matter how simple or complex, and 
“loudness level.” When 
expressed in this scale, larger numbers always represent 


this scale is a decibel scale known as 


louder sounds to the average normal ear, a condition which 
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it not true for sound-pressure measurements because the latter 
do not take account of the characteristics ot the sense ot 
hearing. The loudness level of a sound is defined as the 
sound-pressure level of the equally loud 1000-cycle note’. 

Two means are available tor determining what sound- 
pressure level of 1000-cycle note 1s equal in loudness to the 
sound which it is desired to measure; direct comparison by 
a group of observers and computations based on published 
data from such comparisons. Obviously, the latter is much 
to be preferred in practical noise-work. Such computations 
fall into two classes: single notes, and complex sounds. 

Individual Notes—I\n the case ot single notes, whether 
existing separately or as data from frequency analyses, the 
loudness levels of the individual notes can be determined 
from Fig. 4. The tabulation below gives the loudness levels of 
several notes determined trom this relation. 


Physical Data from Measurement Loudness Level, 


Sound-Pressure Level, Frequency, Decibels 
Decibels Cycles (From Fig. 4) 
40 100 3 
40 500 38 
40 I ,000 40 
40 10,000 29 
60 100 36 
60 500 5% 
60 1,000 60 
60 10,000 58 


Complex Sounds.—In the case of complex sounds, the com 
putation of loudness level is not so simple. The loudness of 
a complex sound seems to be a fairly definite thing upon 
which different observers agree nearly as well as they do on 
the loudness of a pure tone, but the manner in which the 
human ear adds up the contributions of the various com- 
ponents of a complex sound to obtain the loudness is very 
complicated indeed. This problem has been studied to a 
considerable extent at the Bell Telephone Laboratories, and 
some very surprising data obtained. 

Loudness levels do not add and subtract like sound-pressure 
levels, and the differences in the law of addition are by no 
means small in many cases. It will be remembered that, in 
the case of sound-pressure levels, the decibel increase when two 
sounds are added depends only upon their decibel differ- 
ence, and not upon the levels themselves. This is not true 
for loudness levels; the increase depends not only upon the 
decibel difference, but also upon the decibel levels. In addi- 
tion, the summation depends to a great extent on the phe- 
nomenon called “masking.” A given note does not sound as 
loud in the presence of another louder note, especially if 
the latter has a lower frequency; consequently, the summa- 
tion of two notes depends not only upon their loudness levels 
but also on their frequency difference, and also the loudness 
levels and frequency differences of other notes which may 
be present. For example, tests at the Bell Laboratories show 
that. if two equally loud sounds are added, the loudness level 
of the combination ranges from 3 db. to 10 db. louder than 
one of them alone, devending upon the level and the differ- 
ence in frequency. (The increase in weighted pressure-level 
is always 3 db.) Also, the addition of two sounds, one of 
which is to db. lower than the other, may give a loudness 


7 Sometimes loudness level is defined as the intensity level of the equally 


loud _1000-cycle note. a plain or spherical wave being understood As 
explained in the previous section of this paper, these definitions are identical 


except for minor differences due to fluctuations in temperature and har 
metric pressure. 

8 See Journal! of the Acoustical Society of America, October, 1933. n. &2 
Loudness. Its Definition, Measurement and Calculation, by Harvey Fletcher 


and W. A. Munson 
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Fig. 4—Most Recent Data on the Average Characteristics 
of the Human Sense of Hearing in Regard to Relative 
Loudness of Notes of Various Frequencies and Levels 
These data were obtained at the Bell Telephone Labora- 
tories by direct tests on observers, and°*have been accepted 
as standard by the American Standards Association Com- 
mittee on Acoustical Measurements and Terminology.® 


as much as 6 db. above the louder of the original sounds, 
although the increase in weighted pressure is less than 0.5 
db. These are extreme cases; ordinarily, masking effect is 
sufficient to bring the increases more nearly in line with 
the weighted pressure-readings. In general, however, it 
appears that the ear receives a greater loudness contribution 
from the fainter components of a sound than is indicated by 
the contribution to the total sound pressure. There is as yet 
no logical explanation why the ear acts this way, but that 
is the way it acts, and we just have to put up with it. 

At the present state of the art, there is no known sound- 
meter which adds the components of a complex sound in the 
same manner as does the human ear; consequently, there are 
no soundmeters available which read directly in loudness level. 
Predictions are always dangerous, but it also appears that 
there is no immediate prospect of a portable meter which 
will indicate directly in loudness level for all sounds. The 
user of sound measurements is therefore forced to two 
alternatives; either loudness level of complex sounds must be 
obtained by computation, or measurements must be used 
which admittedly are not correct, but which, within limits, 
give sufficiently accurate results. 

The Fletcher-Munson Formula for Computing Loudness of 
Complex Sounds.—Following extensive studies of loudness at 
the Bell Telephone Laboratories, a very valuable formula for 
computing the loudness level of complex sounds from phys- 
ical data has been published*. The necessary data are the 
frequency analysis of the sound, or, in the case of sounds 
with considerable unpitched sound or closely spaced notes, 
a band analysis. The latter is obtained by using an analyzer 
which has a band width of roo cycles, and measuring the 
levels of the frequency ranges 0-100, 100-200, 200-300, and the 
like. These readings are then used the same as individual 
notes in the formula. The authors report an accuracy within 
that of carefully controlled checks against actual observers. 
Interested investigators are referred to the original publication, 
as space does not permit a complete description of the method 
here. Apparently, the method leaves little to be desired in 
the matter of accuracy; but the time required to make the 
necessary measurements of frequency analyses, and the sub- 


August, 1934 








S.A.E. JOURNAL 


(Transactions) 


lable 1—Loudness Ratings by 5 Typical Individual Observers 
of a Group of 6 Vacuum Cleaners of Different Makes 


tatings by 


Average of 
Individual Observers 


Order of Rating 21 Observers 


Ist (loudest e ( \ e ( ( 
2d \ \ ( f i ( 
3d f f ( ( c 
{th c ( b d f 
oth b d f b f b 
6th (quietest d b d d b d 


The highest and lowest ratings of each machine are indicated 
by underscoring; cleaners are designated by ordinary letters. 


sequent computations, is by no means negligible, and the 
practical disadvantages can best be appreciated by those who 
have tried the method. 

Determination of Loudness of Complex Sounds from Mea 
surements of Weighted Sound-Pressure Level—The Practical 
Approximation in General Use.—Since meters are not avail 
able which will indicate directly the loudness levels of com 
plex sounds, nor are they in immediate prospect, investigators 
on practical noise-problems have been forced to use quantities 
which could be measured by meters which they could build 


or otherwise obtain. For halt a dozen 


years previous to 
the publication of the Fletcher-Munson formula for comput 
ing loudness”, investigators in several laboratories had encoun- 
tered an acute need for a single meter-measurement which 
would represent the loudness of a sound. 

In practically every case the procedure has been to make 
measurements of weighted sound-pressure level, although this 
name has seldom been used on account of its length and 
lack of expressiveness. Instead, the quantity has been called 
“loudness units,” “total noise,” “meter loudness,” “loudness,” 
“intensity,” “decibels,” and perhaps others. As yet the Ameri 
can Standards Association Standardization Committee on 
Acoustical Measurements and Terminology has not defined a 
name for this very valuable and much used quantity, although 
it has defined loudness in such a way that it is not consistent 
to use it for this measurement. To avoid confusion, the quan 
tity is consistently called “weighted sound-pressure level” in 
this paper, or “weighted pressure” for short. It is hoped that 
a more convenient name will soon be standardized. 

Weighted sound-pressure level is a physical quantity, and 
not a psychological quantity, and hence does not give a 


suitable measure of loudness in all cases. It has been known for 


some years that human ears do not sum loudness in the same 


manner as does a sound-pressure meter”. On certain sounds 


the discrepancies are by no means small, and cannot be 


neglected in practical work. On the other hand, measure 


ments prove that, in a large percentage of complex sounds, 


the weighted pressure serves as a very accurate measure of 


loudness. The solution, therefore, is to use the measurement 


in cases where it is sufficiently accurate for the purpose, and 
See P 2 Review, Octobe I R I ¢ 
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Table 2—Disagreeableness Ratings by 6 Typical Individual 


Observers of a Group of 6 Vacuum Cleaners 
of Different Makes 


tatings by 


Average of 
Individual Observers 


( Irder of Rating 21 4 )bservers 


Ist (most c e c 1 ( a ( 
2d ( b ‘ ‘ e ( 
te t t f ( b ‘ ‘ 
ith d rm 4 f f 
5th f c e d . «@ b 
6th (least bD dd b d b d 


The highest and lowest ratings of each machine are indicated 
by underscoring; cleaners are designated by ordinary letters 


use other methods when it is not. The value of anv mea 
surement obviously depends upon the judgment of the in 
vestigator in making the proper measurements and interpreta 
tions. The method is very accurate if properly used, and quite 
misleading it not. 

Checks of Weighted Sound-Pressure Level versus Ob 
servers Judgments of Loudness. 
been made ot the 


Rather 


severe tests have 


agreement between measurements ot 
weighted pressure and loudness as determined by a group of 
observers, and the checks have been remarkably close'’. A 
brief summary is given here of one such series of tests con- 
ducted by Dr. P. H. Geiger at the University of Michigan." 

Comparisons were made between meter readings and the 
judgments of a group of observers in three different expert 
ments; that is, 


(1) The relative loudness and disagreeableness ot the 


noise trom 


a group ol 6 vacuum cleaners of different 
makes and extremely different qualities of sound 

(2) The relative loudness of a group of 6 materially 
different types of sounds 

(3) The loudness of a group of 11 materially diffes 
ent sounds rated against a 1ooo-cycle test-tone 
Comparison of 6 Vacuum Cleaners. Listening tests of the 
6 vacuum cleaners were made in the living room of a typical 
home. The cleaners were placed in an adjoining room which 
communicated with the observer’s room directly through an 
archway, and also through a second room with archways to 
both rooms. The observer could not see the cleaners, but he 
was provided with a switchboard by means of which he could 


start and stop any cleaner at will. He was instructed to rate 


Table 3 Averaged Ratings of 6 Vacuum Cleaners 
for Loudness and Disagreeableness 
Veasured Di agreeablene 
Weighted Sound- Loudness Score Scores 


Pressure Level, 


Cleaner Decibels Men Women Total Men Women Tota 
RO 5 72.0 54 () 106 0 72.0 5 O7 .{ 
RO 5 70.0 345 104.5 65.0 3 GS 0 

’ 76.0 565 33 60) gg 5 67.5 prs: Q5 
75.6 1.5 25 6.0 395 27 66 
} 70.6 2 () 11 0 54 0 1 0 16 47 0 

HO & y 4 () 11 0 32 () Q {) S 7 
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the cleaners in order of loudness, making as many back-and 
forth comparisons as desired. Following this, he was asked to 
repeat the experiment except that the rating was to be made 
on disagreeableness instead of loudness. In all, 21 observers 
were used; 14 men and 7 women. Meter measurements, in 
cluding both total-noise and trequency analyses, were made in 
the laboratory with standard methods which will be described 
presently. 

The most striking feature of the results 1s the disagreement 
between individual observers. In the loudness rating, 14 dit 
ferent groupings were obtained among the 21 observers, and 
in no case did more than 4 observers make the same group 
ing. Only 1 of the 21 observers made the same grouping 
as the average of the group. The disagreements were by no 
means small as is shown in Table 1. Various observers 
placed machines a, c and e in all places from 1st to 4th, 
machine f trom 2d to 5th and machines b and d from 4th to 
6th places. 

In the disagreeableness ratings, the differences were even 
greater. A total of 17 different groupings was obtained, and 
only 3 observers agreed on a single grouping. Typical re 
sults are shown in Table 2. Machine a was rated from rst 
to 4th place; machines c, e and f, from 1st to 5th place; 


machine b, from 2d to 6th place; and machine d, from 4th 
to 6th place. 


lable 4—Loudness Ratings by 7 Typice] Individual 
Observers of a Group of 6 Different Sounds 


Ratings by 


Average of 
Individual Observers 


Order of Rating 20 Observers 


Ist (loudest ad?a tas 8 a (buzzer 
2d » £ tf e« € Bb I f (raytheon 
3d febsa b @ «€ e (rattler 
ith eb e¢ bb d © @ b (bell 

5th daeef tb dar 

6th quietest eededeee ce (cleaner 


The highest and lowest ratings ol each sound are indicated 
by underscoring. 


From these large differences it might appear at first that 
noise measurements have no meaning, but this is not the 
case. If these same data are averaged by counting 6 if the 
machine were rated 1st, 5 1f 1t were rated 2d, and so on, the 
very close check shown in Table 3 is obtained. It may be 
observed that machines c and e measured identically by 
meter, and that the average rating of the 14 men placed 
machine c slightly above e, while the average of the 7 women 
placed them in the opposite order by a very slight amount. 
These differences are negligible compared with the differences 
between other machines, and this check is perfect within the 
accuracy of measurement. In all other cases, the meter read 
ings, the average score of the men, the average score of the 
vomen and the combined average, agreed perfectly. In other 
words, while individual observations have little meaning, the 
average of one group of observers checked the average of 
another group very closely, and the meter checked the results 
of both groups. This shows the immense superiority of 
meter measurements over the judgments of any single ob 
server, no matter how skilled he may be. 


Table 5—-Comparison of the Ratings of 6 Noises as Given 
by Meter and by 20 Observers 


Measured 
Noise Weighted Ss yund-Pressure Level Observers’ 

Decibels Scores 

a (buzzer 15.8 LO9 

f raytheon fac 85 

e (rattler 69.9 74.5 

b (bell 69.0 68.5 

ca (air 67.6 57.5 

¢ (cleaner 64.9 25 .5 


It is interesting to note that the combined disagreeableness 
rating placed the machines in identically the same order as 
the combined loudness rating, although every individual ob 
server made different groupings. From frequency analyses, 
which were made of each sound, it is possible to determine 
just. which components were disagreeable to each observer. 
Space does not permit a discussion of these points, but it 
appeared that certain observers found the lower frequencies 
most objectionable, while others found the higher frequencies 
most objectionable. In this connection, the authors’ experi 
ence has been that the most important factor in determining 
the disagreeableness of a sound 1S, whether or not the observer 
thinks it should sound the way it does. Often this is entirely 
unconscious, but it is none the less important. 

Comparison of 6 Different Sounds.—A second series of com 
parisons between meter readings and observers’ judgments 
was carried out in which 6 different sounds were provided, 
an attempt being made to have them as diverse as possible and 
of essentially a practical nature. These were: 

(a) Ordinary electric buzzer 

(b) Ordinary electric bell 

(c) Typical vacuum cleaner 

(d) Compressed air escaping from a hose 

(e) A rattler consisting of a cigar box partly filled with 
miscellaneous small pieces of metal, the whole being rotated 
about a horizontal axis at about 100 r.p.m. 

(f) A sound generated by the interruption of a 60-cycle 
supply-tine by an overloaded raytheon-type tube. The result 
ing voltage was amplified and supplied to a loud speaker. 
Analysis of the resultant sound showed various amounts 
of most of the harmonics of 60 cycles between 100 and 1000 


Table 6—Summary of Results Obtained by 20 Observers in 
Comparing the Loudness of Various Complex Sounds 
with a Pure 1000-Cycle Note 


Loudness Level Determined by Observers 
Weighted -- 


Sound- Group 1 Group 2 

Pressure 10 10 

Level, Observers, Observers 

Sound Decibels Decibels Decibels Average {ange 

Buzzer 76 78.3 R1.4 79.9  79.6-83.9 
taytheon (high 73 75.6 76.8 76.2 65.5-85.8 
Music 72 73.9 77.1 75.5 6§6.3-81.0 
-attler 70 49.9 75.3 72.6 6§2.5-81.0 
2100-cycle note 70 70.2 69.4 69.8  57.7-81.1 
Zell 69 70.9 75.2 73.0 60.4-83.8 
Speech 6S 7 6 73.4 70.5 56.7-21.3 
Air 6S 64.8 70.2 68.5  48.0-79.0 
Cleaner 65 6.8 72.0 69.4 60.7-77.1 
taytheon (medium) 60 62.0 62.2 62.1 59.0-71.3 
taytheon (iow 4() 41.5 40 3 40.9 34.6-50.3 
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cycles. The speaker characteristics made those in the region 
ot 300 to 600 cycles most prominent. 

The observer was provided with a set of switches that 
allowed him to start and stop any of the 6 sounds at will. 
The observer was instructed to determine the order ot loudness 
of these 6 sounds, making as many back-and-forth compari 
sons as desired. Meter measurements of the levels of the 
various sounds were made simultaneously 
observations. 


with the aural 
In these tests 20 different observers were used, 
about one-third of whom had participated also in the tests 
on vacuum cleaners some months previously. Here again 
the differences between individual observers were large; 15 
different groupings were obtained, and none of them were 
the same as the average. Table 4 shows a few typical ratings. 
Sound d (air) was rated all the way trom 1st to 6th; sounds 
a (buzzer) and f (raytheon) from rst to 5th; sounds e 
(rattler )-and b (bell) from 2d to sth: and sound c (cleaner) 


from 4th to 6th. 


Check Tests Remarkably Close 


However, when the combined ratings were computed as 
before, by counting 6 each time a given sound was rated rst, 
5 when it was rated 2d, and so on, the comparison between 
the meter measurements and the observers’ ratings is as shown 
in Table 5. Again the check is perfect. The primary prac 
tical requirement for a total-noise meter is to rate properly 
sounds of essentially the same loudness but of materially dit 
ferent quality. When the extreme differences in the qualities 
of these sounds and the comparatively small range of loudness 
are considered, the check is truly remarkable. A great many 
people will hardly detect a change of 1 db. in the loudness otf 
a given sound even when the change is made quickly, and 
an individual often varies by more than 10 db. in repeating 
loudness judgments. The entire range covered by these 
sounds is less than 11 db. and differences of the order of 
1 to 1.5 db. are rated accurately by meter in every case. 

Comparisons of Loudness Against a 1000-Cycle Test-Tone. 
—About the time the previous test was made, various workers 
in the field of acoustics were discussing the specification of 
loudness in terms of the intensity of an equally loud 1000 
cycle note. To test this method, comparisons were made on 
the 6 sounds listed in the previous test, together with 5 addi 
tional sounds. The 5 new sounds were: 


(g) Speech from a phonograph record 

(h) Music from a phonograph record 

(1) 21oo-cycle note from an oscillator 

(j) Sound from raytheon circuit, same as sound f, except 
at lower level 


(k) Same as sound j, except at a still lower level 


I 


The observer was supplied with a double-throw switch by 
means of which he could switch as often as he wished from 
the sound to be measured to the 1000-cycle test-tone, which 
was introduced by a loud speaker. He was provided also with 
a volume control for the rooo-cycle note; this he was in 
structed to adjust until the loudness of the test-tone was 
equal to that of the sound being measured. When that setting 
was obtained, he signalled the experimenter in the next room 
who then measured the levels of the 2 sounds. The same 20 
observers were used for this test as were used for the preced 
ing test. After about a month, measurements were repeated 
with 10 of the observers on 6 of the sounds. 


12 See Electrical Engineering, December, 1933, f¢ 809: Sound Measure 
ments versus Observers’ Judgments of Loudness, by IF H. Geiger and 
E. J. Abbott 

7 ] ,, 

Vol. 35, No. 2 


Again the results show striking individual diflerences. The 
average discrepancy between the first and second observations 
by the same individual was 5.1 db., with individual differ 
ences nearly three times as great. On the average, the esti 


mates of the different about 


| » 
20 db. on each sound, while the variations of single observers 


observers covered a range ol 


covered a range of about 10 db. on each sound. In both cases 
the differences were distributed both above and below the 
meter readings. These data indicate that the differences in a 
given observer on different days are not materially different 
trom those between different observers, a point which is in 
agreement with other tests made in this laboratory. 

Table 6 shows the comparison between the meter readings 
and the loudness level as obtained by two different sound 
juries of 10 observers each, and also the range of values ob 
tained by the observers on each sound. The 
crepancy 


average dis 
between the meter readings and the combined 
judgment of the observers is 2.5 db., while the maximum 
discrepancy is only 4.4 db., which is considerably less than the 
average accuracy with which a single observer could repeat 
balances on different days. In view of the large spread of 
the individual observations, and the differences between the 
averages of the 2 groups of 10, the check between the meter 
readings and the observations is well within the accuracy of 
the average ear-ratings. It is felt that this was a very severe 
test indeed, and that the meter measurements were completely 
confirmed. 


Conclusions —In designing these experiments an attempt 


was made to test the most practical use of a total-noise meter; 
namely, its ability to give proper relative ratings for complex 
sounds of about the same level, but of materially different 
quality. Large differences in level are distinguished easily, 
and practical cases of single pure tones are essentially non 
existent. (In the case of the one pure tone measured, the 
authors’ data agree with Kingsbury’s (/oc. cit.) to within 0.5 


db.) To this end to simulate sounds 


similar to those met in practice, and to provide as great 
differences in quality 


an attempt was made 


as possible. In every case the agree- 
ment between the meter readings and the average ear-ratings 
was much closer than the estimated accuracy of the latter. 
This completes the excerpts from the former paper'*. 

W eighted Loudness 


Pressure and 


The discrepancies between weighted sound-pressure | vel 
and loudness level arise from two characteristics of human ears 


which are not duplicated in the meter. The first is the change 


in rreque¢ ncy-response¢ 


level, and the second is the 


method of adding loudness components. 


with 


The meter measurement does take account of the 
obvious ear characteristic: 


most 
namely, the change of sensitivity 
with frequency. This is done by adjusting the overall fre 
quency-response of the instrument so that it conforms with 
an “equal-loudness contour” obtained from tests on ears. The 
latest data on equal-loudness contours are shown in Fig. 4. 
Unfortunately, the frequency-response of the ear is much dif- 
ferent for faint sounds (low levels) than it is for loud sounds 
(high levels); consequently, the frequency-response of the 
instrument must be changed for sounds of different level. 
Statements to the effect that the response of an instrument 
is adjusted to be the same as the ear have no meaning unless 
the level of the These differences 
are by no means smal!. From Fig. 4 it is seen that at a level 
of go db. the sensitivity of the ear at 100 and 1000 cycles is 


the same within a decibel, at the threshold (o db.) the 


sound is also mentioned. 


while 
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difference in sensitivity is nearly 4o db., a tactor of 100 to 1 
in sound pressure. 

At first thought this necessity tor varying the trequency- 
response ol the instrument according to the level ot the sound 
seems to be a severe practical drawback, but experience has 
shown that about three different curves are sufhcient tor 
most work, one being used for high levels, one tor medium 
and one for low levels. The change from one to the other 
can be made on a single switch. While this arrangement 
weights the various components of a sound to take account of 
the variation in ear sensitivity with frequency and with level, 
it does not duplicate the peculiar method of the ear in 
“adding up loudness components.” The meter adds the com- 
ponents by taking the square root of the sum of the squares 
of the weighted pressures. Data have been available for 
some years showing that the ear does not act this way, al 
though definite knowledge of the relations is quite recent’. 

Practical discrepancies are most important in the case of 
sounds whose most important frequencies lie below 300 cycles, 
because the equal loudness contours are closer together in 
this region, and hence a given change in pressure level makes 
a comparatively large change in loudness level. For example, 
suppose one is dealing with an exhaust note of 120 cycles, and 
that the soundmeter is adjusted for the 5o-db. curve. Meter 
measurements and loudness-level values from Fig. 4 are 
recorded as follow Se 


Meter Measurements, Actual Loudness Level, 


Decibels Decibels 
SO 95 
70 54 
60 68 
50 50 
40 31 
30 15 
20 oO 


Obviously, if one wishes an accuracy of a decibel or two, 
on notes in this frequency region, the sounds must lie within 
about 5 db. of the level to which the meter is adjusted. The 
more practical procedure is to work with analyzed measure 
ments and translate the data directly from Fig. 4. In the case 
of sounds whose principal components lie above 500 cycles 
and are of moderate level, the discrepancies from this cause 
are quite negligible. 

Total Loudness Measurements Not Sufficient for Practical 
Notse Work.—From the accuracy of the checks described 
above it is natural to conclude that measurements of weighted 
sound-pressure level are sufficient for most practical noise 
work, but this idea is wrong. While these measurements are 
the most valuable single measurement which can be taken, 
and are indispensable in most practical work, it is very seldom 
that they are sufficient. The reason for this lies in the char- 
acteristics of the human sense of hearing. The characteristics 
involved are the appreciation of quality, and the manner of 
loudness summation. 

Quality Changes versus Loudness Changes—There is one 
very valuable and peculiar characteristic of the human sense 
of hearing which must always be kept in mind in noise work, 


13 See Journal of the Acoustical Society of America, January, 1932, p 
377; The Noise of the Rapid Transit Lines of New York City, by G. T. 
Stanton and J. E. Tweedale See also July, 1933, p. 10; Logarithmic 


Recorder for Frequency-Response Measurements at Audio Frequencies, by 
Stuart Ballantyne. See also July. 1933, p. 65; High-Speed Level-Recorder 
and Some of Its Uses in Acoustical Measurements, by E. G. Wente, 
E. H 3edell and K. D. Swartzel (Abstract). See also April, 1934, p. 
225: Applications of Pitch ard Intensity Measurements of Connected Speech, 
by Joseph Tiffin 


— 


and that is the ability of the ear to fix its attention on a 
certain component of a complex sound. If it were not tor this 
ability we would encounter great difficulty with extraneous 
noise in our daily life, and noise reduction would be tar more 
important than it is now. 

This ability of the ear to analyze affects the interpretation 
of noise measurements in the following way: It one has a 
given sound, it is usually necessary to increase the pressure 
level by a decibel or two before the change is noticeable, even 
though the change is made quickly. On the other hand, if 
a new sound is introduced, its presence ordinarily will be 
noticed when it increases the pressure level, by o.1 db. or 
more, and it will be quite prominent when the increase in 
weighted pressure level is 0.5 db., and equal in prominence 
to the original sound when the increase is only 3 db. From 
Fig. 3, these increases correspond to the addition ot sounds 
which are respectively 16.4 db. below, 9.1 db. below, and 
equal to the original sound. 

It seems contradictory that changes of a decibel or two 
are usually negligible if they. affect the entire sound, while 
changes of a few tenths of a decibel are often important 
it only one component is affected, but such is the case. The 
reason is that the latter represents a change in the quality 
of the sound, while the former does not, and the ear is very 
sensitive to changes in quality. Consequently, changes in the 
quality ot a sound may be important, although the accom 
panying change in loudness is negligible. Obviously, the 
weighted-pressure meter gives no indication of the quality of 
a sound, nor whether a change of reading is accompanied by 
a change of quality or not. Consequently, it is necessary for 
the investigator to determine whether or not important 
changes of quality are involved to interpret readings on the 
total sound properly. 


Quality of a Sound Is Very Complex 


The quality of a sound is a complex thing, and no simple 
means of measuring or expressing quality have been devised. 
The quality of a sound is determined by the amount of 
unpitched sound present, together with the relative magni- 
tudes and frequencies of the various components of the sound. 
This information can be represented on a graph of the fre- 
quency analysis of the sound, such as Fig. 2-C, but there is 
no simple way of assigning a number to quality. Conse- 
quently, the practical method of expressing changes in quality 
is to record which components have been changed, and how 
much. Obviously, this cannot be done with a total-noise meter, 
but must involve frequency analysis of the components in 
question. 

Interpretation of Loudness Differences——The weighted- 
pressure meter and the human ear share a common drawback 
in noise work, although it is more serious in the case of the 
ear because it does not hold its sensitivity. This drawback is 
that, to obtain satisfactory reductions, it is usually essential to 
reduce components of the sound which contribute very little 
to the original loudness. If these lower-level components can 
be measured separately, well and good; but, more often than 
not, they must be measured by their effect on the total noise, 
and hence determinations are not accurate. Therefore, they 
cannot be measured until after the louder components are 
reduced, and a knowledge of the necessary reductions is 
obtained by a series of approximations instead of directly from 
the original measurements. For example, consider the hypo- 
thetical case of automobile-noise reduction. Suppose that the 
initial total-noise level is 62 db., and that we are able to run 
each of the various parts of the car separately, so as to obtain 
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the noise ratings given in the first column of the tollowing 
tabulation: 


Weighted Sound-Pressure Levels, Decibels. 
Reduction Obtained Reduction in a 
by Elimination Given Sound To 
Kind of Origina ot a Given Obtain 12-Db. O\ 
Noise Level Sound Reduction 
Exhaust 60 2.14 17 
Intake 55 1.48 12 
lire 53 0.90 Il 
Gear 47 0.13 } 
Miscellaneous 52 0.54 
Total 62 


Then suppose that it were not possible to run each part 
separately so that its noise could be measured directly, but 
that we could shut down one part at a time. By determining 
the reduction in total noise produced by the elimination of 
each part we can, theoretically, at least, compute the level ot 
the noise removed. The reductions obtained by the elimina 
tion of each part in turn are given in the second column ot 
the foregoing tabulation. Assuming a good accuracy of mea 
surement of say 0.5 db., it is apparent that only the threc 
loudest components could be determined by this method. 
Hence the great practical advantage of running parts separat« 
ly whenever possible. In practical problems both methods 
must be used; but, obviously, separate measurement is to be 
preterred. In many cases separate running is not feasible, and 
accurate subtraction is impossible with total-noise measure 
ments; hence, one must us¢ 
individual 


analyzed measurements of the 


components. 

Proceeding further with the above problem, it appears that 
it is necessary to have reasonably accurate measurements on 
even the lower-level components if a sizeable reduction is t 
be made directly from the original measurements. For ex 
ample, suppose that an overall reduction of 12 db. is desired 
and assume that, after reduction, all components are of equal 
prominence. To obtain this each component must be reduced 


to 43 db. so that even the faintest of the original components 


would have to be reduced by 4 db.; hence its original measure 


ment would be required if we are to work on each com 
ponent separately until the necessary reduction is obtained. 
Summary of Interpretation of Sound Measurements.—For 


1“ ale 1 1 1 
practical noise-work it appears that loudness 1s the character 


istic of a sound which is most valuabl 


ie, but that no single 
measure Of a 


’ 
sound furnishes the data 


necessary tor most 


noise reduction. In cases where loudness is not an accurate 


measure of the desired quantity, it is bl 


measure the characteristics of the sounds to which greater 


weight must be given. 


The weighted sound-pressure 
a quantity 


| 
level ol 


which 1S easily 


measured, and which ordinarily 


gives a very close indication of the loudness of the 


sound 
Consequently, it is an indispensable tool for noise work. Cau 


tion must be used in taking and interpreting these 


g measure 
ments, particularly at 


lower frequencies. The frequency-r 


sponse of the instrument must be suitable to the level of the 


sounds measured, and wave patterns must be 
This is taken up in the following section. In 


I 


average d out 


interpreting thi 
measurements, one must remember that a 
meter does not give 


indications of changes in the quality of 


the sound, and that the readings tend to be relatively higher 


than the ear on single-frequency notes compared with com- 


plex sounds with about equal | 
1 : 
well 


a number or notes ol 


spaced in frequency. 
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usually possibie to 


] 
a compiex sound 1S 


weighted pressure 
| 
he 


oudness 


Although sufficient for most work, weighted pressure 1s 


not the most accurate loudness scale. 


Loudness level would 
be preferred if meters were available which would indicate 
directly in this scale, or if the loudness level could be com- 
puted easily from the meter readings. Single-frequency notes 
can easily be converted to loudness level by the curves of Fig. 
4, but complex sounds must be handled by the somewhat com 
piicated Fletcher-Munson formula’, or by means of a sound 


jury. These are severe practical drawbacks, and it appear 


that in most practical work it is more suitable to express 
complex sounds in terms ot weighted pressure levels rather 
than loudness level. 

While weighted pressure measurements are an essential 
tool in practical noise problems, it is rather unusual that these 
measurements alone suffice. Ordinarily, frequency analyses 


are also a practical necessity. 


The Practical Problem 


Technique of Notse Reduction —The general procedure tor 
noise reduction with the aid of sound measurements 1s sim 
plicity itself. First one measures the sound to determine the 
relative importance of the various components and the parts 
causing them. From this it is definitely known just how much 


the noise of part 


each must be reduced to obtain a 


given 
overall reduction, and also which components of the various 
sounds are loudest. The next step is to test various quieting 
moves on the individual parts to determine the most eco 
nomical method of obtaining the necessary reduction on each 
part. Following this the complete assembly is tested to make 
sure that the expected reductions are realized. 

Ears Meters. 


program which 


versus Inherently, there is nothing in this 


requires instrumental sound-measurements 


rather than ear observations, but experience proves that in 


most cases lit 


is quite hopeless to do the work by ear. The 


question is primarily one otf necessary accuracy. As indicated 


in the problem outlined above, successful nois« reduction ordi 
narily requires an accuracy ot 


that 


measurement of a decibel or 


better: not such 


a small change is important in itself, 


but because this accuracy is required to determine the relative 
Importance ol the Varlous components ol the noise, and to 


measure the eftectiveness of 


various individual quieting 

moves. 
With ear comparisons, such accuracy is obtainable only 
under one condition; namely, comparisons made within a 


few seconds of each other on sounds of similar quality. This 


condition is seldom met in practical work. Minutes, hours, 


days, or even weeks often must elapse between comparisons 


ee 
I. 


1] | | , 
ind changes 1n quality ire aimost invariably INVOLVE? 


Tests 


show that under thes: ir observations seldom are 


conditions 


, ' ' ' 
more iccurate than 5 db. at best, and that 


Hence, 


information essential to 


difer neces ol 


10 or 15 db. are not uncommon. the ear just will not 


supply the i straightforward 


attac k 


on most quieting 10bs, and one must turn to instrumental 
methods if th problen is to be handled wit log ind 
issuranc¢ 

While the general program of noise reduction 1s very 


mple, th details or carrying it out are not. Here enter the 
] ° f »} —— oe | 

ngenuity and experience or tn nvestigator on noise WOrkK. 

Manv engineers have the idea that if they just had a meter 

1 1 1 ] 

tn I problems would be solved automatically, but such 1S 

. , 
not the case. Essential as meters ar they represent pe rhaps 


o per cent of the job; the remaining go per cent lies in the 


ibility y 


and knowledge of the investigator. In general, noise 


; , : 
problems are very complicated, and they are not satistac 
| | | | + , 

torily solved by neglecting es il factors nor by taking data 


) 
-h 


AC 


not 
ac k 
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which cannot be interpreted in terms of the things it 1s 
desired to know. Unsatistactory results with sound measure 
ments are almost certain to be due to a lack ot knowledge 
and appreciation of the tundamentals of sound or of the tacts 
of the problem at hand. 

Determination of a Noise Rating.—\t seems to be a natural 
assumption that, if one wishes to obtain a relative noise- 
rating of a pair of machines, all one needs to do is to take 
a soundmeter reading at corresponding locations near each 
machine and the job is done. This idea is completely wrong. 
Almost invariably, a single reading taken at any point near 
a machine—or a vibration measurement at any point on the 
machine—is entirely valueless as a noise rating for that 
machine, even as a relative rating to other samples of the 
same type of machine. The reason for this does not lie in the 
soundmeter, but in the sound itself, and the determination of 
the noise rating of a machine under a given set of condi 
tions is usually far more of a job than at first appears. 

Short-Time Variations of Notse Level—Ilt a soundmeter is 
used to measure a steady sound, such as a loudspeaker driven 
by a constant-voltage generator, a steady reading is obtained; 
but when a soundmeter is used to measure actual sounds, 
such as machinery noises, the reading usually is not steady. 
Instead, the pointer on the indicator dial dances around in a 
very erratic fashion, indicating that the level of the sound 
is not constant. Sometimes these changes of level are impor 
tant, in which case they must be measured; in other instances 
they are not important, and must be averaged out if proper 
ratings are to be obtained. 

For example, if one wishes to measure the increase ot noise 
when a car passes him on the street or road, or the slam of 
a car door, or the magnitude of that troublesome gear noise 
known as “out-of-round sound,” he must use a meter capable 
of following these rapid changes of level and must read the 
changes. In working with sounds where rapid changes of 
level are important, it is often convenient to record auto 
matically on a chart for future measurement and study. In 
struments for this purpose are called “level recorders,’ and 
various types of this instrument have been built and used by 
several investigators'*. Such instruments are practically indis 
pensable for certain kinds of work. 

On the other hand, if one wishes to obtain a rating of say 
the tire noise in a car at a given speed, an average value is 
ordinarily most useful. Accordingly, it is convenient to use a 
slow-acting meter on the output of the soundmeter, so that 
the short-time fluctuations in sound are automatically averaged 
out and the accuracy of reading increased. This type of meter 
finds more use in the work at the University of Michigan, 
althouch the fast-action meter 1s used on occasion. In each 


case, the criterion is whether or not the short-time fluctuations 
are important. 


Wave Patterns 


Variations of Notse Level with Position —Beyond any pos- 
sible question, the most troublesome aspect of noise work is 
the phenomenon known as “wave pattern.” If any piece of 
machinery is held at constant speed and load and the micro 
phone of a soundmeter is held near it, say 6 in. away, and 
then moved around over an area of several square feet, the 
readings from point to point vary tremendously even though 
a given distance from the machine is maintained at all times. 
Total-noise measurements usually show point-to-point varia 
tions of the order of to db. and individnal notes of the order 
of 20 db. Larger variations are not uncommon. 


Except for the short-time fluctuations mentioned above, 


which we assume are averaged out, the reading at any point 
is reasonably constant and can be repeated; but readings at 
points only a few inches away are much different. There 
seems to be no rhyme nor reason to the manner in which 
the readings are distributed; the level changes most erratically 
as the microphone is moved from point to point. Of course 
the reason for this result is well known, and lies in the manner 
is which sound-radiating objects behave. To radiate sound, a 
machine must vibrate at frequencies in the audible range; 
namely, 20 to 20,000 cycles per sec. Most machinery noises lie 
between 100 and 1000 cycles per sec. At these frequencies, 
machine parts do not vibrate as a whole but break up into 
many vibrating segments, each of which sends out a train 
of sound waves. These waves from the various vibrating seg 
ments of the machine spread in all directions, and cross and 
recross other waves from other segments of the machine and 
also those waves reflected from nearby objects. In certain 
places the waves add, giving a high level of sound, while, a 
lew inches away, they may subtract and give a low level of 
sound. 

The wave pattern around a given machine under a given 
set of conditions is surprisingly constant as long as the condi 
lions are maintained, but the patterns are very easily changed. 
A slight change of speed, even a fraction of 1 per cent, 
changes the pitch of the sound and, consequently, the wave 
length, so that the pattern is entirely shifted. The average 
value over a region may not be changed, but the readings 
at individual points may either increase, decrease or remain 
constant, the changes amounting to as much as 10 or 20 db. 
in many cases. If reflected sound is appreciable, as is often 
the case, the entire wave pattern may be shifted by simply 
changing the location of some object in the neighborhood of 
the machine. It 1s very unusual for different samples of 
the same type of machine to give the same wave pattern, even 
though their average noise level may be about the same. Con 
sequently, a single reading at a point near a machine is quite 
meaningless as a noise rating. 

Unfortunately, these wave patterns are not an academic 
matter; they exist almost invariably in practical noises. Prac- 
tically any set of noise measurements can be cited as an 
example of wave patterns, but Figs. 5, 6 and 7 show three 
typical ones. Fig. 6 shows measurements taken on a car of 
tour different notes originating from the rear-axle gears. The 
microphone was placed about 6 in. from the bell housing, and 
measurements were taken at different speeds. The data are 


recorded in terms of loudness level. It will be observed that 


the level increased 20 or 30 db. between 15 m.p.h. and 40 
m.p.h. but that the increase was not uniform. Instead, the 
curves bump up and down over a range of 10 to 20 db., 
although the general trend is upward. 

A single set of data such as these gives no clue as to 
whether or not the peaks in the curves are important. If they 
are due to resonance they are important because they probably 
can be eliminated. If they are due to wave pattern they are 
not important, because a slight change in microphone location 
would shift the locations of the peaks to other frequencies. 
To determine this point it is necessary to take readings at 
nearby points so that wave patterns can be averaged out. In 
this case most of the peaks were due to wave patterns. 

Fig. 6 shows a set of data taken in the same car on one 
of the notes from the rear-axle gears. In this experiment the 
speed was held constant, and the microphone was moved 
around to locate the points of maximum and minimum level 
of the particular note under study. (Of course these locations 
would be changed by having a different number of people in 


August, 1934 








Level , decibels 


Ss 


Loudnes 


S.A.E. JOURNAL 


(Transactions ) 








Fundamental Gear Note 
——— Second Harmonic Gear Note 
eae Third Harmon: 


Fourth Harmonie 


™ Gear Note 
“* <_< «mm © Sear Note 








9c 


4 
pb 
-) 


Car eed,m.p.h 


Sp 
Measurements of the Four Most Prominent Com- 
Notes of the Noise of a Set of Rear-Axle Gears 


mic! the « 
the loudness 
the incre 
valleys in 
uracy 


Fig. 5 


ponent 


The 
in. front 
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regular and 
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and valleys of 
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sed with speed 
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with considerable ac 
microphone locations 
about the same size 
the peaks and valleys are 
largely to wave patterns 


ar in 
each 
ase was far 
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showed 
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ot 


peaks 
ame at 
attributed 


also 


Since 


the Car.) The loudness level ol the sound 1S plotted al the 
position on the plan of the car at which it was tound, the 
small number in parentheses indicating the number of inches 


above the floor. All maximum and minimum points were 
measured, the maximum being the loudest reading in a given 
region and the minimum the smallest in a given region. 


Maximum readings are enclosed in squares; minimum, in 
circles. It is to be noted that the minimum readings in cer 
tain parts of the car were louder than the maximum readings 
in other parts of the car; also, that there is no symmetry what 
ever about the locations of these points, nor in the spacings 
between maxima and minima. Measurements were also made 
of the locations of the maxima and minima for this same not 
at different speeds, and for other notes at the same speed, and 
these patterns bore no relation whatever to the one shown. 
Perhaps these data may help to explain why the car does not 
sound the same with the bosses in the back seat as it did 
when the driver had it out alone. 

Fig. 7 illustrates the fact that wave patterns are not peculiar 
to automotive noises. Readings were taken at ro identically 
located stations on 8 identical sets of large reduction gears 
for the purpose of determining noise ratings. If proper rela 
tive ratings were possible at a single station, the units should 
be placed in the same order of loudness at all stations. It will 
be noted that Machine 2 was the quietest of the group at 
stations t and 10, and the noisiest of the gfoup at stations 
5 to 9. Machine 5 was the quietest of the group at station 4 


and the Machine 1 


the group at station 2 and next to the noisiest at station 10 


noisiest at station 10. was the quietest ol 


\t station 10, Machine 4, which averages showed to be the 
noisiest of the group, measured louder than Machine 1, which 


was the quietest of the group These data only serve t 
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emphasize the fact stated above, that single readings have 
little value, and that wave patterns must be averaged out if 
the results are to have much meaning. One way to test how 
well the pattern is averaged is to compute the average of the 
readings at the odd-numbered stations and at the even-num 
bered stations and see how well they check. 

Fig. 8 shows a set-up which has proved very valuable in 
eliminating the effects of wave patterns in problems where it 
can be used. measured 
placed in a sound chamber which has hard reflecting walls, 


and which 


The piece of machinery to be Is 


contains sheet-iron which 


rotated continually to shift the wave pattern and to move thi 
microphone 


a large reflector 1S 
as shown. By using a slowly responding meter 
to average out the fluctuations caused by these movements 
very good averages are obtained quickly. 

Variation in Noise Level with other Factors—Usually, the 
noise rating of a car or other machine under a single set 


of conditions is not sufficient, as it is desirable to know how 
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Fig. 6—Measurements of the Wave Pattern Produced in 


a Car by One of the Rear-Axle-Gear Notes at a Certain 
(25 M.P.H.) Speed 
\r inalyzing soundmeter was used to measure this one 
note and the interior of the car was explored to find 
the points of maximum and minimum sound The plot 
shows the magnitude of sound, and the locations of the 
loud and quiet points. It will be noted that the quietest 
points in certain regions of the car are louder than the 
loudest in other regions, that there is no symmetry oI! 
regularity in the locations of these loud and quiet spots 
ind that the differences in level cover nearly 20 decibels 
M surements of this same component at other speeds 
and of other components at the same speed, showed the 
same type of pattern, although there was no relation what 
ever between the locations of the loud and quiet points 
This pattern is typical of that produced by each of the 
20 or more component notes in a car, and is one of the 
fundamental difficulties of determining noise ratings 
either by ear or by meter 





SOUND MEASUREMENTS 285 





= 102 

Te} 

<= _ 

@ | , —S T T eres : + +t + + 4 
a a ¥ N 
Fig. 7—Measurements Taken £ 100 r ~ 

. ° . ° + + + + + + + + + 2 : = 7 = 
at Ten Corresponding Stations  _» »? Pee... : 
on Eight Identical Sets of > aON an v.. 
Large Reduction-Gears a \ ] | 12x] icine | Sh oo 

S \ ° * ey 
If proper relative noise-ratings So iw | | pC : ee 1p | _| 4 
could be obtained by a mea © \ ao 3 — 7 | a ~ 
surement at corresponding > . \?’ ~ ra =k c 
positions on the different units, & = + +——}— > ale eS Ee a v 
the machines would be placed <= -_ 5 je AN Ns 22) 
in the same order of loudness 79) O, JA Nl 4 re N ta sr S 
at each station. Such is not @ ‘ite at RK a TT 9 r =O) oO 
the case These are measure- poo \ 2 K Y = Rn <3 ph > 
ments of weighted sound pres- o ] rs aa << fr. X Nios 
sure level, and include all rans yy, yS 4 a2 /2 12 
component frequencies. Appar- + = S . | > wy 
ently, the only practical method = ® + + eS Jee — + apenie 3 ‘ 
of eliminating the effects of S | et 
these wave patterns is to aver- = | | | | [SAY a, ie 13 ~ 
age them out. Ordinarily, this a.  — ek ie “7 re 
can be done by averaging the WwW | 


sound-pressure levels at a 
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tions 


the noise changes with speed, load, running-in and other 
factors. Sometimes ‘this runs into a surprising amount ol 
work. For example, it was once desired to determine how the 
noise from a set of gears varied with adjustment. Preliminary 
tests showed that there were at least two important com 
ponent notes in the sound of these gears, and that they were 
aflected differently by changes in adjustment. It was also 
found that the effect of a given change in adjustment as, 
tor example, axial movement of the pinion, depended upon 
the other adjustments. In a set of spiral-bevel gears there are 
tour such adjustments; namely, axial pinion, axial gear, angu- 
lar rotation of axes and vertical displacement of the axes. 
Assuming 7 readings for each adjustment (three each side of 
zero), and that both the drive and coast sides are tested, 
this adds up to the astonishing number of g604 separate noise- 
measurements on each set of gears with a wave pattern to 
be averaged for each reading. 

Practical noise problems seem to run into a large number 
of measurements, and the investigator can well afford to spend 
considerable time in planning his tests to be sure that the 
proper things are being measured, and that maximum data 
are obtained with a minimum of measurements. 

Summary of Determination of Noise Rating.—By this tim¢ 
the reader is probably convinced that the determination of a 
noise rating is more bother than it is worth, and that the 
soundmeter had better stay on the shelf while the investigator 
uses his ears. Far be it from me to disparage anyone’s 
ears; they are a valuable aid in noise-reduction work, but their 
usefulness lies in indicating the things which must be mea 
sured and to suggest experiments. The fact still remains 
that the differences in noise level exist, and ignoring them is 
like the well-known ostrich hiding his head in the sand. 
Further, the necessary data for a logical attack on most noise 
problems cannot be obtained by ear, while they can be by 
meter, if suitable averages are used. Here again the skill and 
experience of the investigator is of great value. 


(Quieting Methods 


As stated above, the first step in noise reduction is to deter- 
mine the relative importance of the various components of 
the sound, and the reduction which myst be made in each 
to obtain the desired overall reduction. The second step is 
to make the necessary reductions on the individual parts. 
Here again success is largely dependent upon the ingenuity 
and experience of the investigator. The first method of quiet 
ing which occurs to the production man is a tightening of 





Microphone Station 


already close limits, and this elicits slight enthusiasm trom 
him. While this is sometimes necessary, it has been the experi- 
ence of our investigators that this is usually one of the lesser- 
cflective measures. Noise problems are so complex that each 
one must be treated separately, but it is our experience that 
it is an unusual job where appreciable reductions cannot be 
obtained with little or no increase in production costs. Quite 
occasionally, noise reduction is accompanied by decrease in 
production cost. 

Quieting moves can be classified generally under the follow- 
ing heads: 

(1) Mismatching of vibrational impedances 

(2) Reduction of radiation resistances 

(2) Enclosure 

(4) Acoustical absorption 

(5) Introduction of mechanical damping resistance 

(6) Greater accuracy of parts 

(7) Shitting of frequencies to less audible ranges 

All of these methods are of practical value and, in specific 

cases, any one of them may be the most economical and effec- 
tive, and the investigator should use them all impartially 
wherever they can be applied to best advantage. 
(1) Mismatching Vibrational Impedances Experience 
indicates that mismatching of vibrational impedance is by far 
the most generally applicable means of effective and econom- 
ical quieting of machinery, because it can ordinarily be 
brought about by comparatively minor changes in design which 
add little or nothing to the cost of production and which may 
actually decrease cost through the possibility of using less- 
accurate parts. A familiar example of vibrational mismatch- 
ing is the so-called harmonic balancer for crankshafts. Tech- 
nically, this consists of a mechanical short circuit on the tor- 
sional vibromotive forces generated in the crankshaft, and 
this short circuit keeps the vibrations from being transmitted 
to the remainder of the car. Another familiar example of mis- 
matching is the ordinary exhaust muffler. This device offers 
a comparatively small impedance to low frequencies; accord- 
ingly, the exhaust gases pass through. But it offers a com- 
paratively high impedance to audio frequencies; accordingly, 
they do not pass through, and quieting is obtained. 

Familiar instances of this means of quieting could 
be multiplied almost without number, but it appears that 
the enormous possibilities of this method have hardly been 
scratched; indeed, it seems that it is hardly recognized or 
appreciated as such. Certainly, there seems to be little ten- 
dency to design for definite mismatching. 


August, 1934 





Sen ee 


ee 
nema 


ane 


¥ 
* 

mi 
+3 








S.A.E. JOURNAL 






































(Transactions) 
| Fig. 8—Set-up Used in the 
Physics Laboratories at the 
University of Michigan for 
Rubber Averaging Out the Effects of 
«Bands Wave Patterns of Machinery 
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7 the rotation reflector. By mov 
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Under Jest ~dil> fluctuations in sound level, 
Su satisfactory averages are ob- 
tained quite quickl) 
SOUND CHAMBER APPARATUS ROOM 
(2) Radiation Resistance —The sound which reaches the material. One tamiliar example of this is the recent 


ears of an 


observer in a car must be radiated 


from soime 
and usually these objects include 

whole series of parts which are connected to the original 
source through metallic 
Ordinarily, the radiated from these secondary 
sources is many times that which is radiated near the source. 
(The fenders of the old Model-T car used to do a lot of 
rattling, but they were not the source of the vibration.) Now 
the amount of sound radiated from a body depends upon how 
it vibrates and its shape and dimensions. 


vibrating object or objects, 


or other more or less solid connec 


tions. sound 


In general, larger 
surfaces radiate better than smaller ones for a given ampli- 
tude of vibration, particularly for the lower frequencies. The 
technical name for this characteristic is “radiation resistance,’ 
and the amount of 


sound emitted by 
greatly by 


design. 


a part can be varied 


suitable Computations of 


radiation re- 
sistance are complicated by the complex manner in which 
machine parts vibrate at audio frequencies, but in certain cases 
very appreciable reductions can be obtained by modifications 
in design which take account of this factor. 


(3) Enclosure —lf a sound-proof box can be placed around 
either the source of sound or the observer, the noise reaching 
the observer is greatly reduced. If this box can be supported 
so as to be free of mechanical vibration, the amount of shield 


ing is surprisingly large. It is a pretty poor partition that 


will not give a 20- or 30-db. reduction for transmitted air- 
sound, and a single thickness of sheet iron or glass will 
often give about as much of a reduction as other condi 


tions will allow. 


Two practical difficulties arise in making 
enclosures. 


The first is the difficulty of isolating the 
mechanical vibration; the second is 
wall surface at particular frequencies. 
avoided, 
tively 


partition 
the 
If these are properly 
1 large reduction can be obtained with a 
inexpensive 


trom resonance of 


compara 
avoided, the 
addition of 


enclosure: if cannot be 


by the 


they 


enclosure may actually increase the noise 


sound-radiating surface. 

Ordinarily, there is little or no point in making an enclosure 
of so-called “sound-deadening” or “sound-absorbing” material. 
The important property of the enclosure is low transmission 
of sound, and deadening materials are usually not outstanding 


in this respect. Sometimes they may be used elastic 
mounting to keen mechanical vibration from reaching the 
parts of the partition which are 
sound transmission. 


( 1) Acoustical Abso ption. 


more effective in stopping 


In certain cases, effective noise- 


reductions can be obtained by the use of sound-absorbing 
4 See Journal of the mustical Societ f America. Tanuary. 193 ; 

249: A New Analogy between Mechanical and FElectrical Systems, hy 

F. A. Firestone. 
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“straight 
through” muffler sound 
absorbing material placed around the central tube and com 


municating with it through perforations. 


which depends tor its action on 


Another tamiliar 


example is the acoustic treatment of offices, 
the like. 

Absorbing material is effective in the two types of applica 
tion mentioned above, 


auditoriums and 


where the sound is transmitted through 


a treated passage, or where 


an appreciable amount of the 
sound reaching the observer is reflected from nearby objects, 


such as the W alls OF 2.Car oF other enclosure. In these cases, 


effective reduction is obtained, provided that the material 


so placed that the sound is absorbed before it reaches the 
observer's ears. Unfortunately, most absorbing materials 
not very effective at low frequencies where they are most 


needed, although materials with special characteristics have 


been developed for individual applications. They also offer 
practical disadvantages from the standpoint of permanence, 


appearance, ability to withstand cleaning, like. The 


the handy 
but it is far from being the beginning 


and the 
sound-absorbing material is one of 
tools of noise reduction, 


application of 


and the end of the art. 

(s) One ot 
factors of vibrational impedance is resistance, the 
being mass and compliance'*. In most cases the 


the the 
negligible there 


Mechanical Damping Resistance. 


the three 


other two 


resistance 15 


least important of three; in 


fact, it is ordinarily 


However, are two cases where resistance 1s 


of importance; 1n the case of transients, and at resonance. An 
example of the former is the tinny sound when a car door is 
slammed, which can be reduced by the well-known method of 
adding mechanical resistance in the form of a viscous mate 
rial applied to the metal panel. I do not happen to know of 
a noise which was reduced by the use of additional resistance 
at resonance, although the uniform response of microphones 
is obtained in this way. 


In general, simple resonances of the 
kind treated 


in textbooks are not of nearly as much practical 
importance as is commonly supposed. 

(6) Greater Accuracy of Parts—Noise caused by obviously 
sloppy production can be effectively reduced by more careful 
workmanship: but, if an effort has been made to hold work 
within the close limits commonly used in modern automotive 


production, the noise 


decrease in obtained by an overall 
tightening-up of limits is liable to be entirely incommensurate 
with the effort Indeed, it quite often 
happens that the extra-special jobs are noisier than the ordi 
nary run of production. This is because audio vibrations 
ordinarily involve dimensions conveniently measured in mil 
lionths of an inch, while 


closer than tenths of 


and cost required. 


production tolerances are 
thousandths. 


seldom 


Therefore, as mentioned 
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above, eflective noise-reduction is usually obtained more eco- 
nomically by other means than ughtening limits, although in 
individual cases it is sometimes found necessary to make 
adjustments in the tolerances of certain important parts. 

(7) Shifting of Frequencies—-As shown in Fig. 4, the 
human ear is less sensitive to sounds of lower frequency than 
it is to sounds in the neighborhood of 1000 to 2000 cycles, 
particularly for faint sounds. Consequently, it is sometimes 
possible to make reductions by modifying the design of the 
machine so that notes with lower frequencies will be pro- 
duced. At high levels, this means is not very effective and, 
often, other machine requirements preclude the use of this 
method. 

Summary of Oureting Moves.—From this list it is apparent 
that the investigator has many means of reducing noise at his 
disposal, and the question is not “Can the noise be reduced?” 
but rather, “What is the simplest and most economical method 
of obtaining the desired reduction?” Obviously, there is no 
general answer which can be given to this question; it de- 
pends upon the problem at hand. Given the necessary mea- 
surements on the relative importance of the various noises, 
and the effectiveness of different quieting moves, the prob- 
lem is only one of selecting the most economical method of 
obtaining the desired reduction, and the choice in a given 
problem will depend upon conditions. 


Conclusion 


The material of this paper may be summarized in a few 
words: Noise problems are usually very complex and, for 


~ 


very definite reasons inherent in the nature of sounds and 
in the human sense of hearing, the human ear is not a 
satisfactory tool for use in directing the steps in a problem of 
noise reduction, although it is suitable for judging the final 
result. On the other hand, the necessary data tor direct and 
logical noise-reduction can be obtained with the aid of mea- 
suring instruments, and hence sound measurements are an 
indispensable tool for logical noise-reduction. Sounds and 
noises are very complex and, to work effectively, the investi- 
gator must have a considerable background of knowledge and 
experience On noise measurement to obtain the necessary data 
with a reasonable number of readings, and to plan the quiet- 
ing moves in accordance with the fundamentals outlined 
above. Meters are important, but the ability and knowledge of 
the investigator are far more so, and, if these two are properly 
combined, successful noise reduction on the basis of sound 
measurement is a proved fact. 

In conclusion, the author wishes to express his appreciation 
of the cooperation of his fellow workers, past and present, 
especially Messrs. F. A. Firestone, P. H. Geiger, C. E. Nelson 
and H. B. Vincent, in common with whom this experience 
has been gained, and to the various companies which have 
supported projects on noise with the Research Department, 
University of Michigan. The information here presented 
was obtained largely on these various projects, particularly 
those for the Timken Roller Bearing Co. and the Timken- 
Detroit Axle Co., which have supported work in this field 
beginning a decade ago when machinery-noise measurement 
was truly in its infancy. 


Discussion of Paper by John B. Wheatley 


Following is discussion of the paper entitled “Rotating 
Wing Aircraft Compared to Conventional Airplanes,” 
presented by John B. Wheatley, junior aeronautical engi- 
neer, National Advisory Committee for Aeronautics, at 
the 1934 Annual Meeting and published in the S.A.E. 
JouRNAL, April, 1934. 


Autogiro Maneuverable 
At Low Speed 1s Belief 
—W. L. LePage 


Consulting Engineer 


HILE there may be some question as to the merits 

of Mr. Wheatley’s method for comparing the relative 
characteristics of the several types of rotative-wheel aircratt 
which he has discussed in his paper, it undoubtedly rep- 
resents an outstanding contribution in bringing together 
the important facts pertaining to rotative-wing aircraft and 
the status of the development to date. 

In the matter of low speed I find myself differing some- 
what from Mr. Wheatley’s expressed opinion to the effect 
that a pure vertical descent, or even a near vertical descent 
is necessarily desirable in the autogiro and that in preference 
a landing speed of 10 or 15 m.p.h. would be better in order 
to insure stability in rough air. 

From my own flying experience with the autogiro, which, 
while not anywhere near as extensive as that of the one or 
two autogiro test pilots, extends, nevertheless, over a fairly 
wide range of flying conditions, | have never experienced 
any unsurmountable difficulty in maneuvering an autogiro 


to the ground at low speed, even under rough air conditions. 
In the event that we are better able to combine vertical 
lift with the autogiro principle of flight, we shall still further 
be in a position to reduce the problems of vertical descent 
in rough air by reason of the fact that there will be at the 
pilot’s disposal and immediately available, a very powerful 
thrust force which in itself will constitute a powerful restor- 
ing force to offset any disturbance set up by a wind gust. 


Differs on Value Put 
On Vertical Take-off 
—H. H. Platt 


Vice-President in Charge of Engineering, 

Wilkening Mfg. Co. 

WANT to thank Mr. Wheatley for the encouragement 
he has given us rotating-wing enthusiasts. 

The only point on which I can differ with him is that of 
the relative value to be assigned to vertical or near-vertical 
take-off. In this connection, I would like to cite the specifica- 
tion issued by the British Air Ministry for an aircraft suitable 
for transport feeder service. As I recollect it, this calls for a 
take-off in 600 ft. over a 100 ft. obstacle. To date no one 
has succeeded in meeting this requirement, which seems to 
me at least the minimum take-off performance compatible 
with general private flying outside of airports. 

The private flier is going to want to get in and out of 
spaces surrounded closely by trees, wires or buildings, and 
I am convinced he will not buy aircraft in quantity until they 
have climbing angles steep enough to do this. 


August, 1934 
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Effective Combustion as 
from the Indicator 


Determined 
Diagram 


By J. C. Slonneger 


Experimental Engineer, Falk Corp. 


HE paper sets forth a simple and rapid 

method of obtaining from the indicator dia- 
gram data on how, when, and at what pressure 
combustion takes place in an internal-combus- 
tion engine. 


An indicator diagram predicated upon time- 
pressure is analyzed by superimposing on the 
normal diagram a diagram taken without ignition 
of fuel. This is done either by shutting off the 
fuel, or by short-circuiting the ignition, as the 
case may require, and,immediately recording a 
second diagram on the card. Polytropic curves 
are then constructed on the card and their inter- 
sections with the curves of the ordinary diagram 
indicate the several percentages of effective com- 
bustion. 


Mr. Slonneger uses the term “effective combus- 
tion” to distinguish it from “complete chemical 
combustion” and from combustion losses due to 


conduction, radiation and leakage. A more tech- 


nical analysis of Mr. Slonneger’s method. accord- 
ing to thermodynamics and chemistry, is given in 
the Appendix. 


N an internal-combustion engine the combustion is the 
thing; or, to say the same thing in another way, an in 
ternal-combustion engine is no better than its combustion. 
To know how, when, and at what pressure the combustion 
takes place, is of paramount importance to the development 
and improvement of internal-combustion engines. It is the 


[This paper was presented at the Semi-Annual Meeting 
Saranac Inn, N. Y., June, 1934.] 
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purpose of this paper to set forth a simple and rapid method 
of obtaining these essential data from the indicator diagram. 


An accurate indicator-diagram gives the complete story ot 
ffective combustion it we have but the wit to read it. If we 
are primarily interested in the study of the combustion, then, 
either a time-pressure diagram or a go-deg.-oflset diagram 1s 


best suited, since 1tf magnihes the abscissa ot the 


card at the 
time of combustion. 

Fig. 1 shows an indicator diagram predicated upon time 
pressure. The compression, or in-stroke, is represented by the 
curve .4B and the power stroke, or out-stroke by the curve 


BMD. Now, let a diagram without ignition of fuel be 


super 
imposed upon this diagram. The re-expansion of the com 
pressed gasses as represented by the curve BC. In practice 


this is easily accomplished either by shutting off the fuel or by 
short-circuiting the ignition, as the case may require, and 
immediately recording a second diagram on the card. The 
curve BC therefore represents a polytropic curve on a time 


pressure basis in which no heat 


combus 
tion. Hence, any departure from this curve BC must in some 
way represent that heat has been added by combustion of 
tuel. The point B must therefore represent exactly the begin 
ning of combustion. 

In Fig. 2 the compression or in-stroke has been omitted, 
ince it 1s of no interest in this discussion. The power stroke 
is represented by the curve BMED and the re-expansion curve 
by the curve BC. B,C, 1s now constructed such 
that the absolute pressure is twice that of the curve BC. Like 
wise, the curve BoC. such that the absolute 
pressure is three times that of curve BC, and on curve B2C, 
the absolute that of BC. Since the 
curve BC represents an expansion without effective combus 
tion, the curves B,C,, BoCo, and BsCs, 


expansion effective combustion. 


has been added by 


The curve 
is constructed 


pressure 1S rour times 


would also represent 


without These four curves 
represent a family of polytropic curves on the time-pressure 
basis having the same 


value for the exponential N, but 


coefhcients of 1, 2, 3 and 4, respectively. 
us call these 
third, and fourth polytropic curves 


For convenience let curves the first, second, 


as designated by the 
numerals in Fig. 2. We see now that the power curve BMED 
leaves the first polytropic at the point B. It crosses the second 


polytropic at the point Vf, the third at the point G the 
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Fig. 1l—Indiecator Diagram Predicated upon Time- 


Pressure 
The left-hand diagram is for a speed of 720 r.p.m., a 
pressure of 270 lb. per sq. in., and a water temperature 
of 160 deg. fahr An 80-lb.  indicator-spring was used 


The compression pressure was 385 lb. per sq. in. and the 
firing pressure, 560 Ib. per sq. in The pressure rise is 34 
lb. per sq. in. per deg. of crank angle, or at a rate of 


147,000 lb. per sq. in. per sec. The right-hand diagram 
is from a four-cylinder engine running at 996 r.p.m. The 
pressure is 138.5 lb. per sq. in.; the exhaust temperature, 


S00 deg. fahr 


fourth at the point D, and continues to the point E. From 
this point, E, onward to the end of the effective stroke, the 
power curve remains parallel to the tourth polytropic curve. 
Therefore that portion to the power curve ED must itself be 
a multiple of the first polytropic curve and hence must also 
represent an expansion without effective combustioh. The 
effective combustion must have ceased at the point E which, 
in this particular case is 66 deg. after top dead-center. We 
have now determined the beginning and the ending of the 
effective combustion as the points B and E respectively. 

Since the second, third, and fourth, polytropic curves are 
simple successive whole-number multiples of the first poly 
tropic curve, we may assume that the effective heat required 
to increase the power curve from one polytropic to the next 
polytropic is, tor all practical purposes, the same. With this 
assumption we consider the point B as zero combustion, and 
the point E as 100 per cent effective combustion. In this 
specific case, we determine by simple proportions that the 
tourth polytropic represents 94 per cent, the third 62 2/3 per 
cent, and the second 31 1/3 per cent effective combustion. The 
first polytropic, of course, always represents zero combustion. 

We may now determine the percentage of effective com 
bustion at any point along the power curve BME by compar 
ing the position of that point with respect to any or all the 
polytropic curves. From these data we may plot a curve 
representing the effective combustion predicated upon any 
system of coordinates suited to the purpose of the investiga 
tion. The curve OS in Fig. 2 represents the effective com 
bustion in this specific case with percentage of effective com 
bustion as ordinates and crank angle as abscissa. The original 
card of this case was taken from an excellent Diesel engine 
operating under best conditions of economy, and shows an 
excellent combustion curve. 

I have repeatedly used the term “effective combustion,” and 
do so advisedly because I wish to distinguish it from “com 
plete chemical combustion” and from combustion losses due to 
conduction, radiation and leakage. By effective combustion we 
understand, combustion “as is,” whether complete chemically 
or not, which goes to increase the power curve to a higher 
polytropic curve or which actually goes toward increasing 
the power output of the cycle. To make this point more 
understandable, let us suppose that fuel in excess of the air 
available be introduced, thus producing incomplete combus 
tion; it does not follow that the effective combustion would 
be changed or that the power output of the engine would be 
changed. 


The position of the point FE with respect to the polytropic 


curves varies with the indicated mean effective pressure and 
the type of engine. In Diesel engines under full load and 
good conditions, the point E falls close to the fourth poly- 
tropic. Under fractional loads it falls proportionately lower. 
In Otto-cycle engines, the point E is usually beyond or above 
the fourth polytropic even under fractional loads, since the 
first polytropic is proportionately lowered at fractional loads 
while the fuel-air ratio remains nearly the same. 

The point E, with respect to crank angle, varies widely 
and may even not exist in engines afflicted with after-burn- 
ing, since the combustion is still going on at the time of the 
exhaust-valve opening. 

The accuracy of the results obtained by this method depends 
almost entirely upon the accuracy of the indicator diagram. 
The error introduced, if such an error is actually introduced, 
by the assumption that equal quantities of heat are required 
to increase the power curve from one polytropic to the next, 
is certainly of an order smaller than the order of the error 
introduced by the mechanism of measurement. Likewise, the 
error introduced by the assumption that the exponential value 
of N is the same for expanding the burned gases as for the 
first polytropic curve, is nil, because, in practice, the expansion 
curve of the burned gases does follow the polytropic curves. 

The errors avoided by this method include errors in assump 
tions as to volumetric efficiency, and/or weight of residue, 
burned gases, weight of fresh air, leakage of gases, uni- 
formity of temperature at any point, heat losses, chemistry 
of combustion, uniformity of gas mixtures, and the like. 

lhis method is predicated upon the actual working conditions 
of the engine under consideration at the instant of measure 
ment. A difference in working conditions will be recorded 
upon the diagram. It has the advantage that it requires no 
elaborate equipment other than a good indicator, and the 
analysis requires only an accurate draftsman and not a high- 
brow mathematician. A complete analysis may be made in a 
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short time, thus permitting the laboratory to proceed at a 
reasonable pace. For those who wish to have a more technical 
analysis of this method according to thermodynamics and 
chemistry, that aspect is discussed in the Appendix. 

The simple fact that this method can be used with good 
effect in studying the same engine or in comparing engines 
and in analyzing results of design changes, should recommend 
it for consideration as a tool for solving this perplexing prob 
lem of internal-combustion engines. 


Appendix 


The combustion process in an internal-combustion engine 
is of necessity a very complicated physical and chemical 
change, subject to a great number of factors. Unfortunately 
these factors are never exactly the same in any two engines, 
and rarely the same in any one engine. In speaking otf engines 
we must regard each cylinder of a multiple-cylinder engine as 
a distinct engine. From experience we learn that in a mul 
tiple engine no two engines produce exactly the same indi 
cator diagram; further, that the same engine does not produce 
the same indicator diagram even though the diagrams are 
taken at successive firings. Obviously, theoretical calculations 
can be of little value in arriving at any practical conclusions, 
since it is impossib!e to ascertain the exact conditions occurring 
within the engine. However, much has been written upon 
this subject. The writers seldom agree because each assumes 
conditions as suits his ends or fancies, whether or not such 
conditions ever exist. 

To understand the magnitude of the problem involved, we 
have only to attempt the calculation of the combustion and 
ascertain step by step what questions must be answered betore 
the calculation can be completed. Let us start, theretore, 
with the chemistry of combustion. Suppose that the fuel 
shows an analysis of 84 per cent carbon and 16 per cent 
hydrogen. Then, so far as weights are concerned, we could 
write without error the hypothetical chemical formula for 
the fuel as C;Hj5. The combustion of fuel with oxygen could 
be written: 

CH... + 2: O&< = 14 CO, + 16 HO 

But combustion such as this never occurs in an internal 
combustion engine, because the oxygen 1s diluted with nitro 
gen and water vapor before it enters the cylinder, where it is 
further diluted by the residue of burned gases in the clearance 
volume from the previous cycle. This dilution brings about 
profound changes in the chemistry of combustion. For 
instance, the combustion of carbon may take place in succes 
sive steps thus: 


- a ae 2) > CO + O > CO 


Because the oxygen is diluted, the carbon may burn fist 
to CO and later to COs, or a part of it may burn only to CO. 
How this occurs and to what intent we have no way of 
predicting. Again, at very high temperatures the highly super 
heated steam may be decomposed by the hot carbon thus: 

C + HO = CO + H 


The chemistry of combustion at high pressures and tem 
peratures is little understood. However, writers upon this 
subject adopt an equation of the following general char 
acter: 


2 CH, + 21 O, + 79 N 14 CO, + 16 HO + 79 N, 


Qg 


From this equation the ratio of weights of air and fuel, 
and the ratio of volumes, are calculated. In practice, such 
combustion is never realized. Exhaust-gas analysis of an 


Otto-cycle engine shows the presence of rather large quan- 
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tities of carbon monoxide and almost no excess oxygen. In 
the Diesel-cycle engine we find very little carbon monoxide 
and rather large amounts of excess oxygen. In the first case 
it means a larger, and in the second case, a smaller ratio of 
air to fuel, than given by the above equation. It is argued 
however, that the equation represents the proper and therefore 
the most desirable combustion, and is an end to be attained. 
But is this true? We can recall when it was argued with 
equal force that the spherical combustion-chamber was best 
because it offered the least surface for loss of heat. Now we 
deliberately make the cylinder-head of aluminum and give 
it a large surface-area to carry off heat, thereby controlling the 
rate of combustion. 

This brings us to another consideration; namely, the chem 
istry of tuel itself. The fuel entering the cylinder may not 
be the same fuel that actually burns. The possibilities in 
the decomposition of the complicated hydrocarbon fuel stag 
gers the imagination, and even the expert chemist becomes 
hopelessly involved in meaningless equations. The antiknock 
tests of tuel show that the chemistry of the fuel plays an 
important part in combustion. There is nothing in the fore 
going equation that would indicate it. 

To calculate the pressure and temperature rises, we must 
know the heating value of the fuel and the specific heats 
ot the several gases. The ordinary procedure is to base the 
calculation on the heating value of carbon burned to carbon 
dioxide, and hydrogen burned to water. This method gives 
too high a result as no allowance is made for the heat required 
to disrupt the molecular and atomic structure of the fuel. 
Whether this quantity of heat is independent of the physical 
state is not known. The specific heats of carbon dioxide 
and superheated steam are functions of the temperature. 
They are not linear functions, however, and are not defi 
nitely known at high temperatures. The late Prot. G. A. 
Goodenough did a great amount of work on this problem 
and the adjacent problem of dissociation. He 
that there was yet much to be done. 

[t must be apparent from the foregoing that theoretical 
calculations are balked at every turn by lack of exact informa 
tion. Such calculations must differ widely from practical re 


recognized 


sults, and they do. The temperature-entropy diagram calcula 
tions are even more uncertain and, thus far, little has been 
learned from this source. 

In the foregoing paper it is assumed that the effective heat 
required to increase the power curve from one polytropic 
curve to the next is a constant and independent of the path. 
If there were no variation in specific heats, no loss of heat 
by radiation and conduction and no dissociation, and if the 
heat added were added from outside sources, and if the laws 
of gases were the same at high pressures and temperatures 
as at low, then this assumption would be in error. It may be 
shown that the range of this error would be from 5 to 15 
per cent, depending upon the rate of pressure change during 
combustion, the error being least for a rising pressure and 
most for a falling pressure during combustion. However, this 
amount of error is materially reduced by the variations 
enumerated above and by the fact that the first polytropic 
curve is a characteristic of the engine under consideration at 
the instant of observation. The actual error is probably within 
the limits of the error in observation. 

Bv the use of the term “effective combustion.” as distin 
guished from chemical combustion or actual combustion we 
place an interpretation on the results of the analysis which i: 
very nearly the truth of the effectiveness of the combustion in 
the instance cited. 
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Typical Indicator-Diagram Analysis 
Concerning Effective Combustion 


By Hans Fischer 


Lanova Corp. 


HIS paper points out that, with the solid- 

injection Diesel-engine, the reliable smooth- 
combustion performance of the old air-injection 
type has not been duplicated, especially so with 
the high-speed Diesel-engine. 


To get the specific output as high as possible, 
and to obtain good fuel-economy, it is necessary 
to have the first part of the combustion approach- 
ing the constant-volume cycle, while the rest of 
the combustion is rather slow. In other words, 
the rate of burning is a maximum at the beginning 
and decreases toward the end of the combustion. 
The rate of burning in a gasoline engine is slow at 
the beginning and becomes a maximum at the end 
of the combustion, neglecting the slight after- 


4 oO 
burning. 


HE method of analyzing indicator-cards which is dis 

cussed by J. C. Slonneger in his paper on Effective 

Combustion as Determined from the Indicator Dia 
gram’ is herein compared with another method as published 
in a research paper by the German Vereines Deutscher In 
genicure. The results by this method were obtained from 
gas samples taken from the cylinder during the combustion. 
The amount of fuel burned was then computed from the 
analysis of the gas. 

Fig. 1 shows the comparison of the results of both methods. 
At the point F, the effective combustion is finished. The 
rate of effective burning 1s shown by Curves a and 6. Curve 
a was obtained by the gas-sample method, while Curve @ is 
the result of the diagram method. Both results coincide 
rather closely. At the beginning of the combustion the 
gas-sample method shows a somewhat higher burning. To 
ward the end of the combustion the curves fall more apart. 
The rate of burning from about 25 deg. after dead-center 
decreases gradually by the gas-sample method, as indicated 
by Curve a. The diagram method shows an increase of burn 
ing until the injector closes at the point B, 36 deg. after dead 


[This paper was presented at the Semi-Annual Meeting of the Society 


Comparison is made between the rate of burn- 
ing of different types of high-speed Diesel-engines 
and the rate of burning of the gasoline engine. It 
is shown that, besides the hydraulic mixing of 
fuel and air, an increased turbulence is required 
toward the end of the combustion to obtain an 
efficient rate of burning. 


A desirable indicator-card is shown, the in- 
crease of the rate of burning being comparatively 
small and the rate of pressure-rise very moderate 
for the high specific output. 


The Lanova engine is explained, in which the 
burning takes place with increasing rate for 80 per 
cent of the fuel burned as compared with the gaso- 
line combustion in which 90 per cent of the fuel 
burns with increasing rate. 


center. The engine was of the air-injection type. The blast 
ot the injection air agitates the combustion, which agitation 
comes to a sudden stop when the injection valve closes; 
theretore, the rate of burning as represented by Curve 6 is 
probably nearer the truth than the gradual decrease in burn 
ing as represented by Curve a. 

Before we proceed in analyzing indicator cards of differ- 
ent types of engines it will be interesting to consider the 
roughness of Diesel combustion. The roughness does not 
depend on the maximum pressure, but rather on the rate of 
burning. In air-injection engines, roughness can easily be 
demonstrated by increasing the injection pressure. A higher 
velocity of the air carries more fuel into the cylinder, more 
fuel is burned at a given time-interval and the rate of pres- 
sure rise may be made audible. With the hydraulic injection 
it is much more difficult to meter the fuel in the right pro 
portion to the rate of burning, and this is especially true for 
the first part of the combustion. In air-injection engines the 
ignition lag is almost nil, while, in hydraulic-injection engines, 
the lag period may become highly unsatisfactory and out of 
control. 

The best means of checking the smoothness of the compu. 
tion is the indicator card. Fig. 2 shows three partial indicator 
cards of the early part of the combustion. Card 4 represents 
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1000 part of the compression; DC indicates the dead-center of the 
crank, 
Considering Card A, we note that the combustion starts 
12 deg. before dead-center. The delay period of the flame 
800 spread is indicated by the large fillet from 4 to B. At the 
: point B the rate of burning increases somewhat, effecting a 
- pressure rise of 6.5 lb. per sq. in. per crank degree. From the 
“ point C the increase of burning is very fast and the rise in 
4 pressure amounts to 21.5 lb. per sq. in. per crank degree. 
s 600 The smoothness of the combustion is secured by the gradually 
o increasing rate of burning, affecting the pressure in the same 
2 ¢ manner. 
2 = The combustion in the Diesel as pictured by Card B is of 
“, 400 rt quite different characteristic. The ignition starts 3 deg. betore 
> dead-center and, almost instantly, as indicated by the small 
D . fillet, the burning starts very violently, effecting a pressure 
< at rise of 60 Ib. per sq. in. per crank degree. Up to the point B 
200 E the combustion is not under control and its violence is 
ss caused by the ignition lag. This part ot the combustion is 
rough, while the second part trom B to the maximum pres 
sure is well under control. The rate of pressure rise amounts 
4 —| to 29.1 lb. per sq. in. per crank degree. 
. Mm #3 59 74 +#«2«92 «+O 12? M45 180 The Diesel combustion shown by Card C may be con 
0 20 40 60 8 OC 2C 4 60 180 sidered very good. The initial burning is similar to the gaso 
Crank Angle, deg line-engine combustion, as indicated by the large fillet of the 
Fig. 1—Comparison of the Rate of Burning as Obtained pressure line. The remainder of the burning is also well 
by Two Different Methods controlled, because the rate of pressure rise is only 28.1 |b. 
Curve a was computed from gas samples by Prof. K per sq. in. per crank degree. 
Neumann ; Curve b, by the method described in this paper We shall now analyze some typical indicator cards. Fig. 3 
is the analysis of a card of a gasoline engine. The brake mean 
a gasoline-engine combustion of perfect smoothness; Card B, effective pressure of this card is 106.4 lb. per sq. in. at a 


a Diesel combustion of moderate roughness; and Card C a __ speed of g10 r.p.m. The maximum pressure of 422 lb. per sq. 
Diesel combustion of perfect smoothness. The scale is the — in. almost reaches the fourth polytropic. The effective burning 
same for all three cards, Cards .4, B and C, representing a is completed 60 deg. after dead-center at the point d. Curve 
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Fig. 2—Three Partial Indicator Cards, A, B and C, of the Early Part of the Combustion 
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¢ represents the rate of effective burning. At the point of 
maximum pressure, go pel cent ot eftective fuel has been 
burned. The rate of burning is as tollows: 


Fuel Was Equal to: 
Effective Burning Burned in Per Cent 
of Fuel, Per Cent Deg Between Per 1 Deg. 
21.5 20.5 1 and 2 1.52 
21.5 4.5 2 and 3 7.00 
27.0 3.5 3 and M 7.70 
10.0 43.5 Mand D 0.23 


The rate ot burning increases very rapidly and is a maxi 
mum with the maximum pressure. The “after-burning” is 
slight and can be neglected. The smoothness of the combus 
tion is secured by low rate of burning at the beginning, and 
then a gradual acceleration. When the rate of burning 1s 
greatest, the rise in pressure amounts only to 25.3 lb. per sq 
in. per crank degree. 

Fig. 4 is the analysis of a Diesel combustion of the open- 
chamber type. The brake mean effective pressure is 100 |b. 
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Fig. 3—Analysis of the Indicator Card of a Gasoline 


Engine 
An S0-lb. indicator-spring was used The engine speed 
was 910 r.p.m.; the brake mean effective pressure, 106.4 
lb. per sq. in.; and the spark advance, 12 deg. 


per sq. in. at a speed of 1000 r.p.m. The ignition starts about 
at dead-center. The effective burning is completed 73 deg. 
atter dead-center. At the point of maximum pressure 40 per 
cent of effective fuel has been burned, compared with the 
gasoline engine in Fig. 3 of go per cent. Curve e, representing 
the rate of burning, is not so uniform as that of the gasoline 
engine combustion. The burning is somewhat unstable, prob 
ably because the mixing of fuel and air is lacking. The rate of 
effective burning is as follows: 
. Equal to: 


Effective Burning In Per Cent 

of Fuel, Per Cent From Deg Per 1 Deg 
25 i @ 2 10.5 2.40 
25 2 to 2 12.0 1.92 
25 3 to 4 21.5 1.16 
25 4 to 5 23.0 0.90 


The rate of burning decreases. The combustion is smooth 
and the maximum rise in pressure amounted to 35.4 lb. per 
sq. in. per 1 deg. 
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Fig. 4—Analysis of a Diesel Combustion of the Open- 
Chamber Type 

The engine speed was 1000 r.p.m.; the brake mean effec- 

tive pressure, 100 lb. per sq. in The pressure rise is 35.4 


lb. per sq. in. per deg. of crank angle, or at a rate of 
216,000 lb. per sq. in. per sec. 


Fig. 5 is the analysis of the combustion of a Diesel with 
in energy chamber. The brake mean effective pressure of 
the card is 108 lb. per sq. in. at a speed of 1400 r.p.m. The 
effective burning is completed 51 deg. after dead-center and, 
when the maximum pressure is reached, 82 per cent of effec- 
tive fuel has been burned, which is excellent when compared 
with the gasoline engine of 90 per cent and the previous 
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Fig. 5—Analysis of the Combustion of a Diesel Engine 
Equipped with an Energy Chamber 
The curves are for a 2.95 x 6.30-in. “Lanova”’ engine at 


100 r.p.m., the brake mean effective pressure being 105 
; lb. per sq. in 
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Equal to 

I I ing Per Cent 
I | ( t | Per 1 Deg 
2 $52 I to 2 1.55 
33 1/3 210 3 3°55 

> , ( 

32 1/2 2 to 4 4.16 


\ssuming the compression ratio to be 1 to 12.5, the expan 






























100 sion ratio is 1 to 7, thus giving the ratio of compression to 
expansion a value ot 12.5 to 7. This, of course, is not as good 

30 as tor a good gasoline-engine. In Fig. 3 the compression ratio 

a is 1 to 5 and the expansion ratio is I to 4, thus giving a ratio 
— © of compression to expansion of 5 to 4. The reason tor this 

= 100 € 70 difference in ratio 1s accounted for by the fact that the gasoline 

r. y engine completes its effective combustion at 16.5 deg. after 

,_w ge dead-center, whereas the assumed Diesel combustion is com 

5500 © 50 pleted 32 deg. after dead-center. However, assuming that we 

‘ = could finish the Diesel combustion in the same time, the 

2 400 40 pressure would rise to 1160 lb. per sq. in.; but such high 

=. = pressure is not favored for thermal and mechanical reasons 

= il ny The question now arises: How can we obtain a combustion 

2 200 20 such as is shown in the card of Fig. 7? 

2 —— For better understanding, let us first compare the combus 
oc : 1 
Fig. 6—Analysis of the Diesel Combustion of the Ante- 
chamber Type with 85 Per Cent of the Compression | 

Volume in the Chamber 
Diesel combustion ot 40 per cent. The rate ot eftectiv: A ae 4 
burning is as follows: i ae 
- oe 
qd i t 
Effective Burnin I Per ¢ c ae 2.47 
f Fuel, PerCent D 1D 
32 1/2 : to 2 16 2.08 | 
22 1/2 > to 2 “a 6.06 
15 2 to V x 1.64 | 
The effective burning comes to a standstill immediately +—}+—+_} —} 
sqg.in. per Crank oleg | 
after the maximum pressure is obtained, due to the chamber 
action; but it is resumed at 33 deg. after dead-center. Thi 
remainder of the fuel burns in 18 deg., or 1 per cent per 1 deg. 
The analysis of the Diesel combustion of the antechamber 

type with 55 per cent ol the compression volume In the ch im 

ber is shown in Fig. 6. The brake mean effective pressure 

of this particular card was not given, and is estimated to be aeeees 
about 85 lb. per sq. in. The speed is 1300 r.p.m. The effective . —— = = 

combustion is completed 60 deg. after dead-center. The igni ) 8 4C 6 8 

, rank Anaile, aegq 
tion starts rather early, at 12 deg. betore dead-center, and 33 : 


? } t ? ] ] ' ‘ , 
per cent of effective fuel has been burned when the maximum 





pressure is reached. Note the delay in the effective combus - 
tion from 4 to B. This interference might be caused by the = ENO 
injection system 
From the previous consideration arises the question: What lg 
the desired indicator card for a Diesel engine with x} 
specific-output, good fuel-economy, low maximum-pressure, " 
smooth combustion, and long lite ol the engine: Wi nave , 
plotted such a card, and it is shown in Fig. 7. The compr: 
sion pressure 1s 380 lb. per sq. in., the maximum pressut 
600 lb. per sq. in., and the indicated mean effective pressure 
is 140 lb. per sq. in. The indicated specific tuel consumption 1 sle, dea Y 
is assumed to be about 200 lb. per hp-hr. The combustior : 
; Se eae ei be, FOE TI mae ee ae Fig. 7 Desirable Indicator-Card for a Diesel Engine 
Is completed 52 Acs. aller Gcaad-cencer, Mme Tate ¢ _—" With High Specifie-Output, Good Fuel-Economy, Low 
burning is as follows 


Maximum-Pressure. Smooth Combustion and Long Lit 
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Fig. 8—Indiecaior Card of a 94% x 15-In. Diesel Engine 
Equipped with Air Injection, at 375 R.P.M. 




















Fig. 9—Peculiar Combustion-Chamber of the New High- 
Speed “Lanova” Diesel Engine 


tion in the gasoline engine with the combustion of an open 
chamber Diesel-type. In the gasoline engine the charged 
mixture is almost homogeneous, the cycle and law of one 
part of the combustion is the same as the cycle and law 
ot the other parts. The part of the charge ignited first ignites 
the rest of the charge and, since the flame travels with high 
velocity, the rest of the charge burns almost instantaneously. 
The excellent mixture and the almost even combustion of each 
part of the charge make it possible to burn the fuel with the 
theoretical amount of air. 

The combustion cycle in a Diesel engine is completely 
different and quite complicated. Here the fuel is injected grad- 
ually, but in a very small time-interval. The first droplets of 
the fuel which enter the cylinder mix with fresh air only, and, 
atter they are heated to the ignition temperature, ignite and 
burn normally; but the following fuel is required to penetrate 
through a flame and mix at the flame front with diluted air, 
although it is of high temperature. The pressure wave set up 
by the combustion has a tendency to push the good air away 


from the combustion. The mixing process of the last fuel 
injected is still more difficult, because the dilution of the air 
has progressed still more. The result of incompleted mixing 
is “after-burning”. The higher the number of revolutions 
per minute is, the shorter is the available time for mixing and 
the possibility of mixing well becomes a great problem. In- 
creased after-burning is usually the result. It is easy to see 
that, in Diesel engines, it is almost impossible to burn the 
fuel with the theoretical amount of air. 

Various methods are employed with high-speed Diesels, 
and almost all of these methods aim at violent turbulence for 
improving the intermixture of fuel and air. The turbulence 
may be produced: 

(1) By giving the air entering the cylinder a rotary motion 
by means of a masked intake-valve or the like. 

(2) By forcing the combustion air through a tangentially 
arranged orifice into a spherical or cylindrical combustion- 
chamber. 

(3) By the bellows action of an air storage-chamber. 

The turbulence obtained by the first method is sustained 
by inertia. The second and third are dependent upon the 
piston speed. 

Considering the indicator card in Fig. 7, it is easy to see 
that the maximum turbulence is required toward the end of 
the combustion, especially when we take into consideration 
the progressed dilution. 

With the air-injection engine any kind of combustion can 
be produced, due to the fact that the high energy of the blast 
air not only accelerates the mixing but also helps to atomize 
the fuel. Fig. 8 shows an indicator card of a Diesel equipped 
with air injection. The injection valve closes at about 34 
deg. after dead-center and it is easy to see that the rate of 
burning decreases that very moment from 6.3 to 1.29. The 
violent mixing of fuel and air has ceased, and the rest of the 
fuel burns with diminishing turbulence. Note the perfect, 
smooth combustion, which does not exert any additional strain 
on the bearing. 

With the advantages of the air-injection engine in mind, a 
new high-speed-Diesel combustion has been developed known 
as the Lanova engine. Fig. 9 shows schematically this pecu- 
liar combustion-chamber. The fuel is injected with the in- 
jector d into the heart-shaped combustion chamber 6 which 
has a large opening toward the cylinder C. A part of the 
fuel, which is preheated by the hot comprersed air, enters 
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Fig. 10—Curve Illustrating the Fuel Economy of a 4.72 
x 7.09-In. “Lanova” Diesel Engine, at 1000 R.P.M. 
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390 /b. per sq.in 6/0 /b. per sq.in 


{ -End af Chamber 
Action 





385 /b. per sq.in 
“ ¥ 


400 /b. persq.in 





Fig. 11—Typical Indicator Cards Taken on a 4.34 x 6.30- 
In. “Lanova” Diesel Engine 

The upper curve is for full load at 

brake mean effective pressure of 105 lb. per 

lower curve is for no load at 1300 r.p.n 


1200 r.p.n nda 


sq. in. The 


into the energy chamber S. Due to the fact that the air veloc 
ity through the orifices is high and the fuel velocity small, the 
fuel entering the energy chamber becomes very finely atom- 
ized and an excellent mixture in the energy chamber is ob- 
tained. The result is a violent combustion with high pressure- 
rise and, therefore, a violent blow-off from the energy chamber 
takes place. The blast crosses the combustion chamber in the 
opposite direction of the fuel spray. 

The velocity of the blast due to the high temperature is 
near the acoustic velocity. The blast is parted by the ridge 


Ss 


The 


stops the tuel later injected on its way to the energy chamber, 


into two swirls revolving in directions. blast 


Opposite 
and mixes it by means of the high velocity of the swirls with 
the fresh air in a very efhcient way. The high temperature ot 
the blast helps to accelerate the combustion. 

The 
outstanding. The indicator card in Fig. 4 was produced by 
such 


results obtained with this combustion chamber are 


a combustion. We 


found that 82 per cent of effective 


The 


completely controlled, because the fuel crowded in front ot 


fuel was burned with increasing rate. ignition starts 


the orifice of the energy chamber lacks the necessary air tot 
violent pressure-rise immediately after the ignition has set in. 
With progress in mixing, the rate of pressure rise is very 


moderate. The maximum 


pressure does not exceed 6025 lb. 


re 10 1S 
s° oe 


per sq. in. and the fuel economy, as shown in Ft 
exceedingly favorable. From 30 per cent of the load up to 
130 per cent, the consumption is below 0.44 |b. per b.hp-hr. 
The exhaust is free from smoke and soot, with an excessive 
air figure of 1.12. The lowest fuel consumption of 0.404 |b 


per b.hp-hr. is excellent, in consideration of a 


maximum 
pressure of about 600 |b. per sq. in. 


This combustion principle gives a new impetus to further 


development of the high-speed Diesel. The time is not dis 


tant when we shall be able to produce indicator cards as 


outlined in Fig. 7. Fig. 11 shows typical indicator cards taken 


on a Lanova engine 


Psychology of Some Accident Factors 


CCIDENT-PRONENESS is a somewhat misunderstood 
Usually it is interpreted as the psycho 

physiological condition of the driver which predisposes 
to accident. Often it is thought ot as 
Actually this is not the case. 


C oncept. 


him an all or none 


proposition. There are varying 
degrees of accident-proneness and some reasons assigned will 
be given below. 


Our studies have led to a somewhat different classification 


We have found 


evidence of three groups of drivers; (a) The accident-free 


than that suggested in the paragraph above. 


who constitute from 70 to 75 per cent of all motor-vehicle 


These people never have an accident; (b) The 
accident-liable consisting of about 20 to 25 per cent who have 


operators. 


no actual organic or psychic deficiencies but who often over 


step their capacity; and (c) The have 


outstanding defects which can be quite easily found. The 


accident prone who 


latter make up some 2 to 5 per cent of the driving population. 


The question might be 


raised as to the advisability of 


developing methods for measuring the 


_ 


performance ol 


minority group of drivers. The answer is obvious: Ii 


7 per 
cent of drivers were taken off the road, accidents would 
decrease 50 per cent. As may be noted from the figures 


given, about 30 per cent of the drivers have all the accidents. 
More will be said about the relative efficacy of driver train 
ing later. 

The characteristics of the accident-prone and the accident 
liable will next be discussed. There 
minor susceptibilities to accident. 


seem to be major and 
One may have one major 
suscepti and have little trouble. 
susceptibility and have little t bl 


relatively low. 


His accident rate is 


Should he have a minor susceptibility coupled 
with the major difhculty, his accident rate may climb rapidly. 


For instance: A commercial driver we have studied had a 


good record tor several years. He showed 


performance 
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ability below average. This was a major susceptibility which 


he could overcome by concentration. Illness of his wife devel 
oped. He began having frequent accidents. 

The particular effect of illness and other conditions at home 
will vary with the driver but 


Hers 


in general it may be said to be 


a minor susceptibility. is a case where two susceptibilt 


ties combined to bring on accident-proneness which one 
alone would not have done 
The breaking-point or individual threshold which deter 


related to the 
neural stability or emotional! makeup ot the driver. It he 1S 
unstable, the 


mines the effect of such influences is somewhat 


threshold is likely to be low. If stable, it may 


be relatively high. This fact makes any 


] 


average relationship 


hard to evaluate. <A clinical diagnosis may be 95 per cent 


correct while the blind application of performance norms 


may be only 


5 per cent correct. In other words, the measure 


2 
. | v4] d al ' he individ | - In 
ments must be evaluated in relation to the individual or 1n 


relation to each other. 


The accident-liable group are usually 


quite good drivers 


but have some bad habits or weaknesses which get them into 


trouble. This group will profit more by training and a safety 


training program will do much to straighten out their difh 
culties if 


they are properly diagnosed. 


One of the analysis is the 


greatest fallacies in accident 
1 
grouping ot certain types ol accidents as due to carelessness 


or recklessness. “catch-all” 


A man must 


There is no such category. It is a 


for those things which are not well understood. 
be careless in some way. 

The above excerpts were written by Dr. Alvah R. Lauer, 
of psychology lowa State College, 1O 
inclusion in a paper on “ 
by lohn M. Orr, 
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Aircraft-Propeller Development 
and Testing Summarized 


By Frank W. Caldwell 


Research Engineer, Hamilton Standard Propeller Co. 


Part 


HIS paper treats briefly the aerodynamics of 

the aircraft propeller, including the effect 
of selection of the airfoil section, the plan form 
and the aspect ratio. The aerodynamic charac- 
teristics of the propeller as a whole are discussed 
with some reference to the effect of tip speed 
and body interference. 


The stress analysis is dealt with, and methods 
of measuring the vibration stresses are described 
in some detail. A short analysis is made of the 
properties and advantages of some of the mate- 
rials used for propeller blades. 


An outline of the development of the control- 
lable-pitch propeller follows, together with a de- 
scription of the present-type of hydro-controllable 
propeller now in use throughout the world. In 
conclusion, the paper deals with methods of test- 
ing propellers to assure their safety in service. 


Tis the purpose of this paper to outline in the briefest 

possible way some of the experiments with aircraft pro 

pellers carried out in the United States during the last 
few years. I shall divide the paper into some comments on 
aerodynamics of the fixed-pitch and controllable-pitch pro- 
peller, followed by a short discussion of the stress analysis 
is determined by calculation and experiment. I have also 
mentioned a number of types of fixed-pitch propellers made 
of various materials, as well as several designs of controllable 
pitch propellers. At the end of the paper is a short discussion 
of the most difficult subject connected with the propeller, 
which is the test procedure required to assure its strength 
in service. 

lerodynamics.—We have always found it very useful to 
try to analyze the experimental knowledge of the propeller 
characteristics and we still make use of the airfoil analogy, 
not so much for quantitative analysis as for a qualitative inter 


pretation of results. Naturally, this study begins with the 
airtoil itself. 


{This paper was presented at 
aranac Inn, N. Y., June, 1934.) 
* To be concluded in the September, 1934, issue of the S. A. E. Journat 


the Semi-Annual Meeting of the Society, 
S 


The Airfoil Section.—V ariations in the airfoil section within 
the limits of ordinarily good forms do not greatly affect the 
propeller efficiency, and we have restricted our designs to two 
series of airfoils. One of these has a flat undersurface and 
is similar to a series of sections of British origin. The second 
series has a lower camber at the leading edge and is quite 
similar to the Clark-Y. Ordinates and mechanical properties 
of these two airfoils are shown in Figs. 1 and 2. Of these 
two types the flat undercamber is somewhat more efficient at 
static thrust and takeoff conditions, while the Clark-Y is more 
efficient at and near the designed conditions. 

Leading and trailing edges are made slightly thicker than 
would be desirable trom an aerodynamic standpoint to prevent 
excessive nicking and to prevent injury to the mechanics in 
handling. Knowledge of the aerodynamic characteristics of 
the airfoil is quite useful in attempting to analyze the results 
obtained from the propeller. It is hardly to be expected, how 
ever, that the characteristics can be obtained at , ordinary 
wind-tunnel speeds. 

In a series of experiments made at McCook Field and at 
the Bureau of Standards, some rather sharp changes in the 
How characteristics of small airfoils were shown to occur at 
speeds ranging from 600 to 1ooo ft. per sec., depending 
on the camber ratio and the incidence of the airfoil. Fig. 3 
shows the change in flow at the critical speed. Fig. 4 shows 
the approximate critical speed for various cambers and in- 
cidences. These data have been confirmed by full-scale pro- 
peller tests made at the N.A.C.A. at low incidence and by 
the static whirling tests at Wright Field at high incidence. 
Full-scale data at intermediate incidence corresponding to the 
fixed-pitch propeller in climb are still lacking. 

Test data on the center of pressure and moment coefficients 
at high speed are particularly meager. These data are of 
especial importance in connection with the design of con- 
trollable-pitch propellers, since they have a direct bearing 
on the forces required to change the pitch. The wind-tunnel 
tests seem to indicate that the center of pressure moves back 
toward the trailing edge at high speed. Our experience with 
the actual controllable-pitch propellers has not led to con 
firmation of these data. 

Aspect Ratio—The momentum theory of course points to 
the desirability of the greatest possible diameter for the pro- 
peller, while the airfoil or strip theory indicates small diam- 
eters at low values of “J” and large ones at very high values. 
The combined theory indicates the desirability of large diam- 
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eters in almost all cases, and this result can be reached by the 
use of very high aspect-ratios without reduction of efh 
ciency due to excessive blade area. 

The theoretical advantage of high aspect-ratio was very well 
confirmed by Eiffel’s wind-tunnel tests in which a substan 
tial improvement was shown as the result of high aspect-ratio. 
In modern practice, however, the tip-speed losses nearly 
always impose a limit on diameter, so that high aspect-ratios 
are not likely to be The 


structural disadvantages in providing clearances in the aircratt 


used with high power-output. 


also put a practical limit on propeller diameter, and it is very 
often necessary to accept a small loss in propeller efficiency 
to save weight and resistance in the aircraft structure. 

An interesting example of the advantage of high aspect 
ratio is the case of the dirigible balloon, such as the “Macon”, 
in which a number of propellers are arranged in tandem. In 
this case the momentum efficiency becomes extremely impor 
tant due to the very high slipstream-velocity, so that large 
diameters with high aspect-ratio lead to a material improve 
ment in efficiency. The however, is the 
requirement for an unusually low aspect-ratio to provide a 


more usual case, 
propeller of good efficiency where the propeller diameter 1s 
limited by tip-speed effects or by clearances. In case unusually 
low aspect-ratios are required, it is frequently more efhcient 
from a weight standpoint to increase the number ot blades 
rather than to use wider blades. For example, if it is desired 
to increase the area of a two-blade propeller by 50 per cent, it 
might be done by an increase of 50 per cent in width. If the 
width is increased, the thickness must be increased in about 
the same proportion to avoid a tendency to flutter. These two 
changes would increase the weight to 2.25 times the original 


weight. If, on the other hand, another blade were added, 








the new weight would be only 1.5 times the original. This 
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Dimension and Section Properties for Clark-Y Sections 
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rauo of weight is almost borne out in practice for an equal 
factor of safety. 


Plan Form. 


The plan form of the blade is not 


very 
critical from an efhciency standpoint. 


In general, narrow 
tips are more efhcient by 2 or 3 per cent at designed values 
ot “J” than are wide tips. The wide tips appear more efh 


cient tor static thrust and are commonly used with fixed 


pitch propellers in most commercial service to favor the con 
ditions of take-off at the expense of maximum speed and 
cruising speed. Wide tps and fairly thick ones are neces 
sarily used in transport service on account of their greater 
to the at the time of take-off. 
It is too early to say what plan form will be the most effec 
tive one for the controllable-pitch propeller. Probably, military 
planes will use the fairly narrow tips to obtain maximum 
efhciency, while 


resistance abrasion ot stones 


transport service will still 


require fairly 
broad and thick tips to provide for the very maximum thrust 


it take-off and also to provide a satisfactory resistance to 


abrasion. The aerodynamic selection of the plan form has 
always been governed to some extent by a form which leads 


to a nearly uniform slipstream-velocity, with a fairly uniform 


s 


airtoil-section incidence from the angle of no-lift together with 
a fairly pointed tip to minimize losses due to tip vortices. In 
our present practice, however, both plan form and camber 
ratios are being seriously affected by tip-speed effects, body 


interterence, vibration frequencies and resistance to abrasion. 


Some Aerodynamic Characteristics of the Propeller 
at Full Seale 


Considerable full-scale wind-tunnel test-data and flight-test 
data have 


been accumulated on the efhciency, thrust and 
power coefficients of solid aluminum-alloy propellers of the 
type which we are now building. At present we are trying 


to coordinate these data in 


a form readily usable by the 
aircratt designer. Untortunately, the work has not progressed 
lar enough to permit 1ts release tor publication. 


Due to various restrictions imposed by tip speed losses. air 


cratt clearances, and the like, 


it is usually not possible to 


select an ideal propeller for any given aircraft and it is im 
portant to be able to estimate the effect of various compromises 
on the propeller eficiency. The American National Advisory 
(Committee tor 
| 


made a 
propellers in which full-scale 


\eronautics has series of tests of 
tested at 


the designed diameter and cut back to given simultaneous 


meta designs were 


changes in aspect ratio, camber ratio and plan form. These 


tests were run in the wind tunnel having a diameter otf 

20 ft. A corresponding series ot tests with various bodies 
1 

has given a background tor fairly good body-interference 
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Fig. 3 — Change in 
Flow at the Critical 
Speed 


As the flow changes, 

there is some indica- 

tion of a vortex sheet 

in a vertical plane at 

the point indicated by 
the line 


corrections. The combination of these results makes it pos 
sible to estimate with some degree of accuracy the character 
istics of an existing propeller which may depart materially 
from tested forms. This departure is often dictated by stress 
considerations or by commercial availability. | 

The effect of tip speed has been very well investigated by 
the N.A.C.A. at full scale. Unfortunately, however, these 
tests were all made at low values of “J” due to limits of for 
ward speed in the tunnel. They may be corrected for higher 
values of “J” by calculation, but they may only be used at low 
values of blade incidence corresponding to values of “TI” near 
the designed value. 

Tip speed losses are affected by thickness, and this has 
been investigated within rather narrow limits by the N.A.C.A. 
The extent to which tip-speed losses are affected by altitude 
has not been investigated. It has usually been assumed that 
the critical speed at which the loss begins is related to the 


speed of sound. If this is correct, the critical tip-speed would 
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Fig. +—Approximate Critical Speed for Various Cambers 
and Incidences 


This is a visualization of the trend of critical speed wit} 
camber and tip speed 





not be materially affected by pressure but would be affected 
by temperature, so that the critical tip-speed would be lower 
at altitude due to the lower average temperature. 

The interrelation of engine horsepower, revolutions, pro 
peller characteristics and relative density brings the propeller 
and engine into a very interdependent position. The resulting 
performance as regards power output of the engine may be 
calculated fairly satisfactorily, though the distortion of the 
fixed-pitch-propeller blades introduces a fairly large error. For 
approximate calculations we make use of typical curves of 
propeller revolutions versus airspeed, similar to those shown 
in Fig. 5. 

Of particular interest in connection with the performance of 
controllable-pitch propellers is the method of estimating static 
thrust. For the purpose of estimating static thrust, we have 
adopted a definition of static-thrust efficiency corresponding to 
the ratio of the power required to produce a given amount of 
thrust by the momentum theory to the actual power found 
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Fig. 5—Typical Variation of Engine Speed with Airplane 
Speed 
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horsepower output might be held at its maximum for all 
the conditions ot flight. Using the American system of rating 
engines, this offered an increase in engine horsepower of 10 
to 20 per cent tor climbing with sea-level engines and con 
siderably more for engines with an altitude rating of more 
than 5000 ft. Practically all of this gain in engine brake horse 
power can be realized in improved aircraft performance pro 
vided propeller tip-speeds have not become excessive in the 
process. The gain would be very much less using the British 
system of rating. In recent years, however, we have had our 
attention turned forcibly by the operating personnel to other 
features which have almost overshadowed the normal gain 
in flying performance. 

The first and by far the most important consideration 
is in the matter of take-off. The whole trend of modern 
transport-design has been toward high speed-range, rather 
heavy wing-loading and the use of powerful engines requir- 
ing reduction gearing. The result has been an aircraft with 
inherently bad take-off characteristics, propellers with such 
high pitch as to be very inefficient at take-off and static thrust, 
and an increased drop in revolutions for the engine. All of 
these factors tend toward take-off conditions which are posi- 
tively dangerous, and most pilots flying this type of plane had 
come to expect a few very uncomfortable moments during 
the take-off and time required to gain the first 1ooo ft. of 
altitude. Added to this is the desire of the aircraft-transport 
industry to begin to pay its way by increasing payload. 

Take-off conditions on the transcontinental lines in America 
offer a further problem in that landings have to be made at 
altitudes up to 6000 ft. At 6000 ft., the take-off run is approxi- 
mately 40 per cent greater than at sea level. I think these 
considerations alone explain why the transport operators have 
welcomed the controllable-pitch propeller so universally as 
soon as we were able to give them one which is entirely 
secure against flying apart. I do not know of a single new 
transport plane in America today which is not being designed 
for controllable-pitch propellers, and most of the old ones are 
being equipped as rapidly as possible. 

A second feature which has proved quite important in 
practice has to do with the matter of cruising at an altitude 


Table 2—Conditions for Propeller Pitch 


higher than the critical altitude of the engine. If a sate limit 
for cruising speed for the engine in revolutions per minute is 
set and observed, it will be found that the power absorbed by 
the propeller above critical altitude is materially less than the 
permissible normal or cruising horsepower, it the propeller 
is designed to turn at maximum speed at full throttle with the 
airplane at top speed at the critical altitude. By adjusting the 
pitch of the propeller, the engine brake horsepower may be 
adjusted to normal cruising horsepower at normal cruising 
speed in revolutions per minute. This procedure is possible 
up to the altitude at which the engine is operating at full 
throttle. For American ratings, this amounts to about 5000 
it., so that, so far as cruising is concerned, the pitch adjust- 
ment gives the equivalent of 5000 ft. of supercharging. For 
the British rating, there should be a considerably greater 
gain, as there is a greater range between normal and maxi 
mum speed in revolutions per minute. 

The question of noise has become increasingly important 
in the transport field, mainly from the standpoint of passenger 
comfort. The controllable-pitch propellers permit the use of 
greater reduction in tip speed by adjusting the cruising pitch 
for a lower number of revolutions per minute. A tabulation 
ot take-off and cruising results for several American transport 
planes equipped with controllable-pitch propellers is given in 
Table 1. The conditions for propeller pitch-settings and per- 
formance at zero airspeed are specified in Table 2. 

A typical seaplane result has been obtained with an 18,000- 
lb. boat equipped with two geared-engines. With the normal 
fixed-pitch propeller, this boat would not leave the water in 
calm weather with full load. By removing 500 lb. of load, 
the boat was able to get off the water in 84 sec. With the 
low pitch-setting, allowing the engine to turn at rated speed 
in climb, the boat left the water in 24 sec. with full load. A 
boat of this type, if fitted with the instruments and equipment 
required and manned by the crew needed for passenger trans- 
portation, probably would have a payload of about 5000 |b.; 
so, the 500 lb. mentioned would represent about 10 per cent 
of the payload. It is certain that a 10 per cent loss in revenue 
will be of serious importance to any commercial operation. 

Fig. 7 shows an estimate of performance of an aircraft 


Settings. and Performance at Zero Airspeed 


Change in B.m.e.p Engine Relative 
Pitch Pitch from Limit R.p.m. Static 
Setting Design at Zero at Zero Thrust 
Number Condition for setting Altitude, Condition, Airspeed Airspeed 
It Deg 
l Max. speed, overspeed limits 15 ,000 0 Normal 1640 1.00 
2 Max. speed, overspeed limits (?) 22 ,000 0.9 Normal 1700 1.04 
3 Max. speed, overspeed limits 8 ,000 2.3 Normal 1780 1.09 
1 Max. speed, overspeed limits Sea level +.) Normal 1910 1.18 
5 Climb, normal limits 8 ,000 1.8 Normal 1760 1.08 
6 Climb, normal limits Sea level 5.2 Normal 2000 1.24 
fj Climb, overspeed limits. . 15,000 - 3.6 Normal 1880 1.16 
8 Climb, overspeed limits. . . 8,000 - 6.0 Normal 2060 1.28 
9 Climb, overspeed limits........ Sea level - 9.5 Normal 2340 1.48 
Overspeed 2260 1.43 
10 Take-off at 90 m.p.h., normal limits........ Sea level —- 6.5 Normal 2100 1.3 
11 Take-off at 90 m.p.h., overspeed limits...... Sea level -12.0 Overspeed 2440 1.61 
1 Overspeed limits: 650 hp., 2760 r.p.m. (B.m.e.p. = 123 lb. per sq. in). Normal limits: 600 hp., 2400 r._p.m. (B.m.e.p. = 130 Ib. 


per sq. in.) , 
2 Propeller set to turn 2760 r.p.m. in full-throttle level-flight. 


3 The relative static thrust may be taken to represent the relative effectiveness for take-off. 
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Fig. 7—-Calculated Effect of Variations in Propeller Pitch- 
Setting on Maximum Speed and Climb Performance 


The solid lines are for an engine 
overspeed limits; the dash lines, 


operated according to 
according to normal 


limits. Note that climb curves showing decreasing rates 
with gain in altitude are computed with the assumption 
of constant throttle-setting to avoid overspeeding In 


creasing rates are 


computed for constant 
effective pressure 


brake meal 


having a maximum speed of about 250 m.p.h. at an altitude 


of 15,000 ft. The engine ratings were assumed as tollows: 


Brake 
Mean Effec- 


Engine Brake Speed, Altitude, trve Pressure, 
Ratings Horsepower R.P.M. Ft. Lb. per Sq. In. 
( verspeed 6050 2,760 15,000 123 
Normal 600 2,400 13,000 130 
Take-oft 000 2,400 Sea Lev el 130 


The propeller gear-ratio was assumed to be 2:1. The propel 
ler for which the calculations were made was chosen for the 
overspeed rating of the engine at maximum speed in levei 
flight at 15,000 ft. It is a three-blade metal-propeller with a 
diameter of 11 ft. 6 in. 

The curves of Fig. 7 show the airplane performance with 
several pitch settings and for both engine ratings. The con 
ditions for which the pitch settings were chosen are described 
in Table 2, with data on the engine speeds at zero airspeed 
and the relative values of static thrust obtainable. The engine 
operation below rated altitude was assumed to be at constant 
brake mean effective pressure as long at the speed limits in 
revolutions per minute were not exceeded. Operation at con 
stant manifold-pressure below rated altitude would cause some 
quantitative variation in performance, but the comparative 
relations would be but slightly affected. For low-pitch climbs 
ibove the altitudes at which the engine would overspeed at 
the brake-mean-eflective-pressure limit, it was assumed that 
the engine speed was held within the limit by climbing at 


constant throttle-setting. 
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Fig. 8—Stress Analysis; Blade Design C7C 114-17T 
Centrifugal stress, force and loading at 2200 r.p.m 
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Stress Analysis 

The ordinary static-stress analysis is quite simple and is 
usually carried out for new designs by a process of graphical 
integration. An example of the stress analysis is given in 
Figs. 8 to 11. For the purpose of stress analysis, the section 
properties given in Figs. 1 and 2 are quite convenient. 

The centrifugal loads per inch of radius are calculated and 
plotted against radius. Areas taken under the curve from the 
up to any radius give the total centritugal load at the station 
and this 1s, of course, divided by the area to obtain stress. 

The air loads are calculated by the usual airfoil analysis, 
corrected to agree with actual horsepower-input and the load 
ing curve is integrated to obtain the shear. The shear curve 
is again integrated to obtain bending moments. 


To correct the bending moments for restoring moments 
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Calculation of bending moments due to air loading with 
out restoring moment due to centrifugal for 
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Fig. 10—Stress Analysis: Blade Design C7C 114-17T 
Calculation of deflection due to air force Without restor 
ng moment due to centrifugal for 
due to centrifugal force, we calculate the deflection which 


would occur if no centrifugal force were present. The deflec 
tion required to balance bending moments due to air pressurt 


by compensating moments due 


to centrifugal force 1s cal 


culated and thi 


ratio of these two deflections gives a very 
ipproximate correction tactor tor the calculated bending loads. 
The 


integration of the 


due to air load is obtained from double 


M/EI curve, 


to balance thrust forces by centritugal force is obtained from 


deflection 


while the deflection required 


integration of a curve of air pressure divided by centrifugal 
LOrce 
In all of the toregoing, the approximation is made of assum 


ing the air loads all in the same plane, and the minor axes of 


the sections all in a plane at right angles to it 


Twisting Moments 
There 


the propeller blades, the twisting moment due to centrifugal 


are two principal sources of torsional moments on 


mn 
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Fig. l1—-Stress Analysis; Blade Design C7C 1'14-17T 
Calculation of deflection necessary to balance air-load 
bending-moments by restoring moments of centrifugal 
force and approximate calculation of bending moment 


allowing for restoring moments. 


force and the aerodynamic moment. 

Twisting Moment Due to Centrifugal Force—This twisting 
moment is quite large and has to be taken into account in 
designing controllable-pitch propellers. As the method of cal 
culating the centrifugal twisting moments has been pub 
lished several times, I shall only outline the steps briefly. For 
the type of propeller in which the center of gravity of all the 
cross-sections lies in a radial line coaxial with the pitch-adjust 
ment axis, the centrifugal twisting moment is given by the 
formula: 


a} 
() R 6g I ] inacosadR 2 
Z 
where 
O Centrifugal twisting moment per blade 
5 Density of material 
) Angular velocity 
R, Radius at tip 
\cceleration due to gravity 
I. 
and Moments of inertia about the respective principal 
] , AXCS 
x Angle between minor axis and plane of rotation 
R \ny radius corresponding to values of J major, [ min: 


and 2 


Throughout the flying range of propeller settings, this 
couple tends to force the propeller into the low pitch-setting. 
The values are quite large, as may be seen from the typical 
example in Figs. 12 and 13. The centrifugal twisting-moment 
tends to force the propeller into the low-pitch position. Unless 
it is balanced by counterweights, a much higher force will 
be required to increase the pitch than to decrease it. 

lerodynamic Twisting Moments.—The aerodynamic twist 
ing-moment results from the fact that the line of resultant 
pressure does not intersect the axis of pitch change. It must 
be calculated from moment coefficients taken about the pitch 
change axis which, in our type of propeller, coincides with 
the center of gravity of the airfoil section. 

The moment coefficients for the airfoil are not known with 
any degree of precision at high velocity. Some wind-tunnel 
tests have indicated a shift in center of pressure toward the 
trailing edge as the velocity of sound is approached. In the 
absence of more exact data, we have assumed a value of 
aerodynamic twisting moment as follows: 


O 00s & BX FT (3) 
wher« 
O, \erodynamic twisting moment per blade near 
designed a. 
b Maximum blade width 
l Thrust per blade 


This twisting moment acts in the direction to increase 
pitch. It is somewhat greater at static conditions, and reverses 


its direction when the propeller is operating at negative 
thrust. It is partly the result of center-ot-pressure location, and 
partly the result of moments created by the deflection of the 
blade. 

Because of this aerodynamic twisting-moment, it is some 
times difficult to get the controllable-pitch propeller to go 
into the high-pitch position in a dive at high altitude if the 
control forces have been properly balanced at sea level. The 
difficulty may be overcome by pulling the aircraft up into a 
climb, so that the incidence on the blades is increased. 


Vibration Stresses 


The static and elastic-stress analysis is of some importanc: 
and should be carried out for new designs. So far as metal 
propellers are concerned, however, failures are always the 
result of fatigue from repeated stresses. The usual stress 
analysis does not lead to indications of fluctuating stress 
except for the rather small stress-variation introduced by the 
torque impulses. 

Vibration, however, can and does introduce very high 
reversing-stresses, and these may be caused by either forced 
or resonant vibrations. This is evidenced by the fact that pro 
pellers may be run for many hours on an electric motor with 
smooth torque at a horsepower input equal to three times the 
rated horsepower of the engine without damage, while the 
same propellers will break on the engine after a very short 
run. 

There are several sources of excitation which may caus« 
severe stresses if resonance occurs. An obvious source of 
excitation results from interference of the airflow due to 
passage of the aircraft parts such as the wings. This dis 
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Fig. 12—Twisting Moment Produced by Centrifugal Force 
at Various Portions of the Propeller Blade and at Various 
Angle-Settings 
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Fig. 13—Total Centrifugal Twisting Moment for Various 
Pitch-Settings 
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Fig. 14—Determination of the Natural Periods of Vibra- 
tion; Blade Design C7C 114-17T 
f the deflection curve for vibration in the 
fundamental mode 


Caleulation « 








Fig. 15—-Determination of the Natural Periods of Vibra- 

tion; Blade Design C7C 114-17T 
Calculation of the frequency of 
mental mode (f 


vibration in the 
2680 cycles per min.) 


funda 


turbance will usually occur at the rate of twice per revolution 


tor two-blade propellers or at the three 


Excitation 


rate ol 


times pe! 
revolution for three-blade propellers. 


from this 


source is apt to produce resonant vibration of the fundamental, 


or at what we have described as the first out-of-phase type. 





A second obvious source of excitation is the torque varia 
tion due to the explosions of the engine cylinders. For the 
present engines, this occurs at a number of cycles per revolu 
tion equal to one-half the number of cylinders. Excitation 
trom this source may be in resonance with any one of several 
forms of harmonic vibration. It is also possible to produce 
resonance by excitation at one-half or one-fourth of the natural 
frequency. There are, of course, many other possible sources 
of excitation such as unbalanced couples in the engine, tor 
sional periods in the crankshaft or engine mount, periodicity 
of the vortex formation at the propeller surface, and the like. 

The tuning of the propeller frequencies is so broad and 
the number of modes of vibration and the number of sources 
of excitation are so great that it will not be possible to design 
away eftort 1s 
directed toward avoiding resonance at or near the cruising 


~ 


from resonance entirely. At present, our 
speed insofar as excitation due to engine impulses or aero 
dynamic interferences are concerned. 

(1) Determination of the Natural Periods of Vibration. 
The calculation of the fundamental frequency is carried out 
by a very simple method based on the assumption that the 
form of the deflection curve of the vibrating blade is the 
same as the blade would assume under its own weight 1 
supported at the hub with the blades in a horizontal position 
The potential energy in the blade at the tme of maximun 
deflection and of zero velocity will be: 


e R 
{ } x < 4 dR 
. { 
WwW her 
y Deflection at any point at a radius R 
R, Radius at the tip 
| Area ot the cross-section at R 
The kinetic energy at the time of zero deflection will be 
UV-/2. If harmonic motion is assumed, the velocity, V 


} 


where f is the frequency in cycles per second 

at the ot zero deflec 

tion. Theretore, the kinetic energy at any station R will be 
MV2/2 5A/g) X (2xf)? X | 5 


and for the whole blade will be: 


equals 27 f Y, 


and V is the velocity at station R time 
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Equating the kinetic energy tor zero deflection to the poten 
tial energy tor zero velocity, we have: 


7 (k 
| | ) 0 R 
] 
Dice \ a] R 
f ‘ | } > 6 R 


For inch units, .quation (7) becomes: 


a 
J 1 Y 6R 
3.131 bas 
\ ae 
| AY? 5R 


In the actual calculation tor the fundamental frequency the 
assumptions for calculating deflection are the same as for 
calculation of deflection due to air loads; 
axes of all of the sections are 


that is, the minor 
assumed to be in the same plane. 

The area of the cross-sections is plotted and integrated to 
find the shear curve. Successive integrations give the bending 
moment, slope and deflection. The two additional integra 
tions needed for the calculation of the frequency are, of course, 


carried out graphically. The method is not very laborious and 


the results are amply precise for design purposes. The fre 
quency obtained is the one tor the pitch-angle setting of 
minimum trequency and corresponds nearly to the ze 
pitch-setting. An illustration of the method of calculation 1 
given in Figs. 14 and 


© 


15. 

We have no simple method of estimating the change of fre 
quency with pitch setting. This change is no doubt subject 
to calculation; but the present practice is to obtain the data 
by test, as the test is easily carried out and does not injure 
the propeller. The various harmonics at frequencies higher 
than the fundamental are not calculated at present, but are 
obtained by test for each new design. Examples of the calcula 
tion and test values of the frequency of vibration in_ the 


fundamental mode for several aluminum-alloy blades are 


given in the following tabulation: 
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Fig. 17--Modes and Frequency of Vibration of Blade 
Design C7C 114-17T 
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Fig. 18—Close-Up View of DeForest Extensiometer Show- 
ing Target and Radius Arm 


This instrument was developed for propeller work. 


Diameter, Calculated Value Tested Value 


Design No. Fr. In. of Frequency — of Frequency 
C7C1'4-17T 9 4 2,680 2,650 
O11] EEF 8 2,236 2,510 
6103 11 6 1,712 1,700 
r1C1 O Qg O 2,004 1,940 
sB1-o a .@ 1,629 1,050 


(2) Method of Test for Determining the Natural Periods 
of Vibration —There are several methods of determining the 
natural frequencies of vibration. One method is to excite the 
propeller at all frequencies by frictional means and to deter 
mine the frequencies from a timed electrical pick-up circuit. 
A second method is to excite the propeller by means of a 
torsional disturbance applied to the shaft axis through the use 
of an electric motor having an alternating-current field and 
a direct-current armature. The frequency of the alternating 
current is adjusted until resonance occurs. third method 
makes use of a small compressed-air motor attached to the 
side of the propeller hub and equipped with a small unbal 
anced flywheel. This motor is run at various speeds until 
the different types of resonance occur. The speed of the 
motor gives the frequency of vibration of the propellers. It is 
usually easy to hold the motor at resonant speed, as the 
energy of f the vibr: ating system serves as a regulator for the 
motor rotation. This method, which was developed at Wright 
Field, has proved most practical for general use on account 
of its simplicity. 

In Fig. 16 two motors are shown, as two different forms 
otf vibration were being produced simultaneously at the time. 
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Fig. 19—Blade Design C7C 114-17T, as Used in Vibration Tests 


Sections are taken looking from nub to tip and are divided into 10 equal divisions with the division nearest the leading 
edge subdivided into halves and quartet! 
A typical set of vibration frequency measurements 1s shown value ot about 1.8. Values for the overtones varying from 


in Fig. 17. In obtaining these results the blade is set ata given 4.5 to 8 have been suggested by various éxperimenters. A 


pitch-angle and excited at the various {requencies to obtain good deal of experimental work is now being done with a 


resonance, the location of the nodal points and the frequency — view 


to accurate determination of values ot C tor various 
being measured tor each type of vibration. This procedure modes 


of vibration. Our present estimated values are as 
is repeated at different angle-settings until the complete curves follows: 


are obtained. Fundamental form, ¢ La 
While the vibration periods are relatively easy to determine, First out of phase, ¢ 1.5 
we are not yet able to use them with confidence on account Second in phase, ( 3-0 
of the uncertainty with respect to the change in frequency Second out of phase, ¢ 3-0 
resulting from the action of centrifugal torce. Considerable Third in phase, ( $5 
work has been done in connection with the determination ot Third out of phase, ( $-5 
the frequency of resonant vibrations in rotating parts in con We have not vet been able to measure resonant eflects deh 


nection with the design of blades for steam turbines. nitely on the rotating propellers. We have, however, had a 


The usual formula for correction of frequency of non number of tip failures which have resulted from some form 


| ; ’ : , ; _ 
rotating blades to allow tor the effect of centritugal force is: of vibration. These tip tailures are found to have started at 


V (fo? + CN 9 a nick, so that failure may not have occurred at the point of 
where fe is the vibration frequency of the propeller rotat maximum vibration-stress and may not have resulted from 
ing ata speed N, fo the vibration rfrequency ol the non-rotat resonance. 


ing propeller, and C an experimental constant. Several Measurement of Vibratory Stress in Rotating Blades by 


German experiments indicate a value of C, tor the funda Means of Extensiometers—In addition to measuring tre 


mental type, of 1.45. The turbine data would indicate a quencies, we have also made some measurements of the 
stress distribution resulting from various forms of vibration 
is well as the vibratory stress-distribution of the propeller 
running on the engine. For this purpose, we have made us« 
of a form of extensiometer devised by A. V. de Forest, as 
shown in Fig. 18. 

In principle, this instrument records the extension in a 
2-in. gage-length by means of the scratches produced by a 
small pad of emery on a chromium-plated target. The teed 
of the eme ry across the target 1s accomplished by the action of 
centrifugal force on the arm of the extensiometer. For the 
static-vibration tests, the arm is drawn across the target 
manually by means of a string. The targets are then photo 
graphed at suitable magnification under a microscope and 





measurements taken for the stress readings. 


Fig. 20—Close View of the Extensiometers on the Camber Fig. 19 shows the dimensions of blade design C7Cr! i7 1, 
Face of the C7C 114-17T Blade on which all of the vibration tests were made. Fig. 
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this blade as mounted on the engine, with the extensiometers 
in place. 


A typical set of extensiometer records for a blade running 


on the engine 1s shown in Figs. 21 and 22. The results of 


several tests on the engine are plotted in Fig. 23 against 


radius. While the results are somewhat variable, they show 
without any doubt the presence of very large vibratory 
stresses. The tests on the blades vibrated resonance are, 
of course, considerably more consistent. Figs. 24 to 29 show 
a series ot stress-distribution curves for various modes of 
vibration, as measured with the de Forest extensiometers. 
Fig. 30 shows the result of a transverse distribution of radial 
stress as measured at the Bureau ot Standards. 

We have not acquired sufficient experience with the exten 
siometer measurements to depend on them entirely as a guide 
in design. There is no question, however, that we have gained 
some useful information trom them. The most interesting 
conclusion to be drawn from these tests is that the resonant 
forms of vibration all show comparatively low stresses neat 
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Fig. 21—Typical Set of Records of Vibratory Stress Ob- 
tained by Optical Magnification of the Scratch Records; 
Radius, 16 to 324% In. 


For blade design C7C 1%-17T, Wasp-C engine at 2100 
rp.m., and an angle setting of 12 ‘nee 
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Fig. 22—Typical Set of Records of Vibratory Stress Ob- 
tained by Optical Magnification of the Scratch Records: 
Radius, 35 to 50 In. 

For blade design C7C 1%-17T, Wasp-C engine at 2100 
r.p.m., and an angle setting of 12 deg 


the hub, while the actual stresses when running On the engine 
are greatest near the hub. This would seem to indicate the 
presence of forced vibrations under actual running conditions. 

Stress at the Hub Attachment Due to Forced Vibration. 
There is another source of forced vibration which may pro 
duce very high stresses at the hub and at the inner ends ot 
the blades. This is the result of the hammer-like blows of the 
engine explosions, which may produce lateral accelerations 
at right angles to the length of the propeller blades and 
the plane of rotation. If the full force of the engine-cylinder 
explosion were applied at right angles to the blade length 
and moments taken about the center of gravity (perhaps the 
center of percussion) of the blades, a bending moment on the 
blade ends of the order of 130,000 to 150,000 lb-in. would 
be set up. The stress from such a force would be far above 
the fatigue limit of the material and failure would result in 
a very short time. The stiffness of the crankcase is sufficient 
to prevent all of this force from being applied to the propeller, 
but there is considerable evidence that something of this 
kind is going on. 

A number of propeller failures on engine test and in service 
which we were only able to explain on this basis led us to 
desagn a testing machine in which the propeller is gripped 
at the hub and shaken laterally at a fairly high speed until 
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Vibratory-Stress Distribution-Curve for Blade 


Fig. 23 
C7C 14%-17T Mounted on a Wasp-C Engine with Blade- 
Angle Setting of 12 Deg. 


failure of the hub or blade ends occurs. This machine 1s 
described in the portion of the paper dealing with strength 
tests. 

Types of Propellers. 
of wood, bakelized canvas and aluminum alloy. Experimental 
types have built of 


Service propellers have been built 


been hollow steel and of magnesium 
alloys. 

; Propeller Materials 

Wooden Propellers—Wooden propellers are certainly the 
easiest to design and, if we could count on ftair-weathet 


flying and perfect airport surfaces, we might be able to build 


4 ) 











ee 
> AA 
} b) 1 2 
| 7 . * | funda ta 
GS ) 7 
-@) 
L — 7= _ m4 ie 
- 
rae enatt 
Fig. 24—Average-Stress Distribution-Curve for Blade No. 
6176 with Blade Angle of 25 Deg. 
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Fig. 25—Average-Stress Distribution-Curve for Blade 
No. 6176 with Blade Angle of 25 Deg. 
them with thin enough sections to be fairly efhcient. At 


best, however, there is little hope of making them thin enoug! 
to approach the efficiency of the solid-metal type without 


severe fluttering. In practice, we have to use much thicke: 


sections to resist abrasion and warping due to climatic chang 
and, if we want to fly in hail or heavy rain, we have to us¢ 
metal tipping. 


The best metal-tipping brings in a hazard due to its 


tendency to crack and fly off, and due to the large 


on) 


number 
of holes in the blade which seriously weaken the tips. In my 


judgment, the greatest asset of the wooden propeller is its 


resistance to fatigue. This asset is lost when the 


metal tip 


record oi 


is used, and it has been our experience that the 
tailures with metal-tipped wooden-propellers is very nguch 


The 


] 


worse than that of the aluminum-alloy 
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comparatively easy to design and light in weight. 

Micarta Propellers-—Micarta is the trade name tor a com 
position formed by the action of heat and pressure on cloth, 
paper, or other material impregnated with a phenolic con 
densation product such as bakelite. Propellers have been buiit 
out of cloth, paper and plywood material, but only the cloth 
propellers have gone into actual service. 

The material has comparatively poor mechanical properties 
except tor fatigue, which 1s practically equal to the ultimat 
strength. The property which makes it especially suitable 
tor propellers is its high mechanical hysteresis, which gives 
it very powerful damping properties when subjected to vibra 
tion. Micarta is unaffected by acids or alkali, is non-corrosive 


and practically non-hygroscopic. 


thicker aluminum alloy, 
but they may be made sufficiently thin to be quite efficient. 


Propellers built of it must 


be made somewhat than those ot 


| oo 
Micarta propellers show sufhcient resistance to abrasion to 


under the rather 


rapidly under the action of gravel or cinders or heavy spray 


stand up effect of hail or rain, but 


[ray 
encountered on seaplane take-ofls. For these purposes, metal 


tips have to be applied, and the metal 


tipping makes the 
propeller much less attractive. Micarta requires quite expen 
sive molding equipment; so, it can be used in a practical way 
only tor designs which are to be produced in quantities. For 
aircratt having ample ground clearance, it is my judgment 


that micarta makes a very excellent propeller. For equivalent 


strength, it is only a little heavier than the wooden propeller 
and is much more efficient and durable. 
Hollou Steel Prope llers. 


propeliers 


\ great many different types of 
The results with 
them have been rather disappointing tor reasons which we are 


beginning to appreciate. No doubt the 





hollow | stee have been built. 


just hollow steel 


propeller will have a certain field of application as tume goes 


to le arn 


on, but we still need 


more before we can design 
and adapt them to aircraft in a responsible way so far as 


safety is concerned. There appears to be a material weight 


saving in hollow  steel-propellers of large size; but, as out 


increases, we seem to be from realizing 


experience further 


the saving hoped for. 


Magnesium-Alloy Propellers —Magnesium alloys have very 


interesting properties for propeller purposes. In addition 


to a specific gravity about one-third lower than the alumi 


num alloy now in use, some of the magnesium alloys have 
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Fig. 26—Average-Stress Distribution-Curve for Blade No. 


6176 with Blade Angle of 25 Deg. 
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a fatigue strength about 15 per cent higher. The material 
has a rather low impact-strength and is very sensitive to stress 
concentrations resulting from sudden changes in section. 
Magnesium alloys have a damping coefficient somewhat 
higher than that of the aluminum alloys, and this should be 
favorable from the standpoint of resistance to resonant vibra 
tions. Our experience with them has been rather limited. Up 
to the present, the indications have been that the outer por 
tions of the blades stand up well. The attachment to the hub 
will have to be worked out with a good deal of care. We 
have not yet reached a point where we feel sufficiently con 
fident to put magnesium propellers into general service. 
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Fig. 27—-Average-Stress Distribution-Curve for Blade No. 
6176 with Blade Angle of 25 Deg. 
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Fig. 28-—Average-Stress Distribution-Curve for Blade No. 


6176 with Blade Angle of 25 Deg. 

{luminum-Alloy Propellers—Our experiments with metal 
propeller-blades began during 1918. At that time, quite a 
number of hollow steel-blade designs were being built and 
tested. We felt, however, that a more uniform result could 
be obtained with solid blades which could be forged and 
machined to more accurate form than would be possible 
with any hollow steel-blade. The obvious difficulty with the 
solid blade was the weight problem, and this was particularly 
acute when steel was used. 

The use of very thin blades of usual aspect ratio led to 
torsional instability and consequent flutter. We decided to 
try the use of four very narrow blades, with an increase of 
diameter of about 15 per cent over the existing practice. This 
led to a solid steel-blade of the form shown in Fig. 31. This 
propeller stood a fairly good whirling test for a first attempt, 
although the vibration characteristics were unsatisfactory at 
low speeds. After three or four modifications, we arrived at 
the solid steel-propeller form shown in Fig. 32. This pro 
peller was entirely satisfactory on the whirling stand, but 
broke off at the point of attachment to the hub on engine 
test. 


During 1922, satisfactory aluminum-alloy forgings became 
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Fig. 29 -Average-Stress Distribution-Curve for Blade No. 
6176 with Blade Angle of 25 Deg. 


available in America and we decided to change from solid 
steel to forged aluminum-alloy. Our first aluminum-alloy pro- 
peller was designed from the information which we had ob- 
tained from our solid-steel experience. The first propeller 
was produced in 1923, and the original design proved quite 
satisfactory. Several thousand propellers of this identical form, 
except for improvements in the method of attachment to the 
hub, have been produced and the original design is still in 
use today. In fact, it has been quite widely copied all over 
the world. 

The blade ends ot the first 20 propellers were threaded 
and a cylindrical wedge was used between the hub and the 
blade to take up the tendency to relative movement and to 
protect the threaded portion from fatigue effects resulting 
trom repeated stresses. (See Fig. 33.) The threads in the hub 
ind blade had to be started at a predetermined point to secure 
interchangeability as to balance. 

This hub construction was rather troublesome in the matter 
ot assembly in the field and the design was changed to the 
two-piece hub shown in Figs. 34 and 35. This type was 
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Fig. 30-—-Vibratory-Stress Distribution Across the Blade 
for a Clark-Y Section 


Showing a transverse distribution of radial stress as 
measured at the Bureau of Standards 
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Fig. 34 A s. 
sembled Alu- 
minum-Alloy 
Propeller of 
the Standard 


Type 
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Fig. 33—Screw-Type-Propeller Arrangement 


idopted in 1924 and 1s still in use. The blade attachment with 
the double shoulder proved to have an ultimate tensile 


strength of 320,000 lb. in the No. 1 size, while the correspond 


ing size ol threaded blade broke at 250,000 lb. Propellers ol 
this type have now been built in two-blade, three-blade, 
tour-blade and six-blade types. The hubs are made in seven 
shank-sizes designated as 00, 0, » Ty PY, 2 and 2, The 
diameters have ranged from 4 ft. to 16 ft. Practically all sizes 
are built in right-hand and left-hand types. 
To be concluded in the September, 1934, issue Of the 
S. A. E. Journat. 





Fig. 35—Details of the Standard Propeller Shown in Fig. 34 


